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ABSTRACT
Nelson, Justin M. Ph.D. in Engineering Program, Department of Biomedical, Industrial,
and Human Factors Engineering, Wright State University, 2016. The Development of a
Human Operator Informatic Model (HOIM) incorporating the Effects of Non-Invasive
Brain Stimulation on Information Processing while performing Multi-Attribute Task
Battery (MATB).

Multitasking has become an integral attribute associated with military operations
in tasks such as cyber defense operators, remotely piloted aircraft (RPA) operators and air
traffic controllers. These tasks are monotonous and repetitive in nature requiring the
human operator to interpret and process information that may exceed their mental
capability. When the human operator can no longer effectively process and respond to the
critical incoming information, an asymptotic limit known as the multitasking throughput
capacity (MTC) will be present. At this point, critical target detection and reaction times
may degrade resulting in a decrement in performance. The objective of this research
study was to implement a form of non-invasive brain stimulation technique known as
transcranial direct current stimulation (tDCS) over the left dorsolateral prefrontal cortex
(lDLPFC) region of the scalp to improve information processing capabilities during a
multitasking environment. This region of the brain was selected as the stimulation site
because of its association with sustained attention, working memory and decision making
which have been linked with multitasking performance.

Each participant received either anodal or sham tDCS during a 36 minute version
of the multi-attribute task battery (MATB). The anodal tDCS provided a continuous
current of 2mA for a duration of 30 minutes which was administered at the beginning of
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the MATB program. The sham tDCS emulated the sensation of receiving anodal tDCS,
however the 2mA current was only provided for 30 seconds. The findings suggests that
anodal tDCS significantly improves a human operators processing capability by
increasing baud rate (p = 0.0005) and information throughput (p = 0.0003) during a
multitasking environment resulting in improved performance compared to the sham tDCS
group.
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1 Background with Literature Review

1.1 Cognitive Capability
In today’s society, human performance is being pushed to the limits with an
increase in information throughput, workload demand, and data acquisition. While at the
same time, personnel positions are being limited and man hours dedicated to a specific
operation are being reduced as a result of budget constraints. With the excess of mental
demand and cognitive workload on an operator, the desired or optimal performance will
begin to decline shortly after beginning a cognitive task. It was discovered that the
performance decline typically appears within the first fifteen minutes of a cognitive task,
however when the task demands are high the performance decline can occur as soon as
five minutes [1]. With the depletion of cognitive resources during a mentally demanding
task, this brings up the question “what is the optimal performance an operator can
perform for a given assignment and for what duration”.

Another ongoing question about human cognitive capabilities involves the ability
to do two or more tasks at the same time [2]. Many tasks within the Air Force require
constant attention and vigilance in order to be efficient and effective in completing the
overall objective. Tasks such as cyber defense operators, remotely piloted aircraft (RPA)
1|Page

operators, and air traffic controllers are required to monitor and locate targets over a long
period of time. Understanding the operator’s capabilities and human performance
metrics during cognitive tasks has become of key interest in the research community [3,
4, 5]. These human performance metrics involving mental and physical acuity will
provide insight into the mechanisms that are activated during low and high level
workload tasks.

A cognitive workload task is described as a task that requires sustained attention
over an extended period of time in which the operator must respond to occasional
occurrences of a critical target [6]. However, as the time on the task increases the
operator’s performance begins to decline. This decline in performance is known as a
“performance decrement” [7]. The most common errors that occur during a demanding
workload task are either a decline in correct target detection or an increase in response
time as the time on the task increases. The performance decrement is a result from high
mental demand or cognitive overload during the task [8]. Although in a previous
research study it was observed that high levels of workload could result in errors and
system failure, while low level of workload could lead to complacency [9]. In various
military operations, sustained attention is critical to the overall Air Force mission. If a
lapse in performance occurs as a result of workload demand, it may result in serious
repercussions. Therefore, the relevance in determining the human operator optimal
performance is instrumental within the Air Force.
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1.2 Performance Decrement Theories
The performance decrement has been explained by many theories, however the
most well-known are the arousal theory and the resource theory. The arousal theory is
attributed to the loss of cortical arousal resulting from the monotony nature of the task
[10]. Moreover as the time on the task increases, the operator becomes mentally
disconnected resulting in a decline in performance. Arousal information has been found
to be recalled with higher accuracy than neutral information [11]. It is important to note
that the level of arousal experienced by the operator while performing a cognitive task
will affect their ability to retain the critical information. Various measurements can be
implemented to evaluate the physiological arousal when an event or stimuli is present
which includes skin conductance, muscle movement or heart rate [12]. Many researchers
have discovered that heart rate has been one of the more effective measurements of
arousal [13]. However, a study conducted by Parasuraman displayed that physiological
metrics related to reduced arousal were present whether or not a performance decline
occurred [14]. As well, the arousal theory does not take into consideration stress and the
high level of mental workload that may be present during a cognitive task [15].
Therefore, the arousal theory would not be effective in the current design evaluating
human performance during a high level multitasking environment.

In resource theory, detection failures during a cognitive task are primarily
attributed to a decline in available attentional resources [16]. During a multitasking
environment, operators can become overloaded as the working memory and attentional
resources are exhausted. The operator might also display anxiety and frustration when
3|Page

the task objectives outweigh the available cognitive resources [17]. Previous researchers
have proposed that there are limited attentional resources available for information
processing and once these resources are depleted, a performance decrement will occur
[18, 19]. When an operator is placed into a multitasking environment, their attentional
resources must be divided to monitor and respond to each separate subtask. With the
demanding workload level, the operator’s resources can be diminished in a short period
of time resulting in a decline in performance. Therefore, many researchers are focusing
on alternative countermeasures that can be implemented to increase or sustain the
attentional resources throughout the duration of the task. The resource theory will assist
in evaluating human performance during a high level multitasking environment.

1.3 Augmenting Human Performance
With the resource theory stating that the human operator has a limited attentional
resources available in the working memory while performing a cognitive task,
researchers have begun evaluating various countermeasures to compensate for the decline
in performance. One research study evaluated the effects of non-caffeinated chewing
gum during a cognitive task in an effort to improve human performance [20]. The
findings discovered that when the operator was provided the non-caffeinated chewing
gum during the cognitive task, the operators target detection accuracy and response time
was improved compared to those who did not receive the chewing gum. However, the
performance improvement was not proven to be statistically significant until the later
portion of the task. Moreover, providing chewing gum displayed an improvement in
vigilance but only as the time on the task increased.
4|Page

Another research study evaluated the effects of caffeinated beverages during a
cognitive task in an effort to improve human performance [21]. The findings displayed a
decline in critical target detection over time with the group that received the caffeinated
beverage and the group that did not receive the caffeinated beverage. Although both
groups displayed a decline in target detection accuracy, the group that received the
caffeinated beverages displayed a higher target detection accuracy.

Caffeine has been known to facilitate performance in tasks involving working
memory to a limited extent, but hinders performance in tasks that heavily depend on
working memory [22]. Therefore, in the study conducted by Temple we believe the
reason a decline in performance was observed was because caffeine takes a significant
amount of time to reach the system and have an enhancement effect. As well, caffeine is
short-lived which may also be a key contribution to why a performance decline was
present.

Both of these studies provided evidence that chewing gum and caffeine intake
could be used to enhance cognitive performance. However, the cognitive performance
was not ideal resulting in a decline or fluctuation in performance accuracy over the
duration of the task compared to the control groups. Another countermeasure that has
been of interest as of late is a form of non-invasive brain stimulation known as
transcranial direct current stimulation (tDCS) [23, 24, 25]. In previous research studies,
improved cognition has been reported when administering transcranial direct current
stimulation while monitoring a single working memory task without any significant
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repercussions [26, 27, 28]. Therefore, the objective of this research dissertation was to
determine if tDCS can be administered improve human performance during a
multitasking environment.

1.3.1 Transcranial Direct Current Stimulation (tDCS)
The concept of applying electrical current to stimulate an area of interest has been
known to exist as early as 43 A.D. A roman physician named Scribonius Largus
discovered that electrical current could be used to mitigate pain. As the story goes, a
fisherman accidentally stepped on a torpedo fish which applied an electrical current to the
man’s foot. The electrical current relieved the foot pain the fisherman had been
experiencing [29]. This finding made Scribonius curious, he wondered if electrical
current could be used to alleviate pain for other ailments such as headaches. Scribonius
conducted an experiment and discovered that applying a live torpedo fish over the
forehead could reduce or eliminate a headache [30]. These findings provided the first
evidence that electrical current could be administered to augment the underlying brain
tissue.

However, it wasn’t until the end of the 18th century when the first controllable
electricity device was developed. With this new technology, an Italian researcher named
Luigi Galvani conducted an experiment testing the electric conductive properties of
nerves in animals. When Luigi applied an electrical current to the nerve ending of a frog,
it induced a muscle contraction. The findings provided evidence that nerves can conduct

6|Page

electricity [31]. If nerves are conduct, many began to question what other attributes or
even benefits electrical current can have on the human body.

The discovery of electroconvulsive therapy (ECT) in the early 1930s shifted the
focus away from tDCS. Electroconvulsive therapy involves the application of electrodes
to the head, however unlike tDCS, electroconvulsive therapy induces a convulsion [32].
Although, electroconvulsive therapy is less commonly used today than in the past.
Towards the end of the 20th century transcranial direct current stimulation started to be
implemented in the medical realm to treat patients with major depressive disorders [33],
stroke rehabilitation [34], and Parkinson’s disease [35]. During the treatment sessions, it
was discovered that the healthy control patients displayed a cognitive benefit resulting
from the transcranial direct current stimulation [36]. These findings intrigued researchers
and brought up the question, can tDCS be administered as a countermeasure to augment
and enhance human performance for healthy participants during a cognitive task.

tDCS is known as a neuromodulatory technique that delivers a very weak
electrical current (typically 1 to 2 milliamps) by way of electrodes to a specific brain
region of interest to augment cortical excitability. The electrode configuration consists of
an anode (positive charge) and a cathode (negative charge) where one electrode will be
placed on the scalp over the brain area of interest and the other electrode will be placed
on the contralateral upper arm. The placement of the electrodes allows the current to
penetrate and travel through the skin, scalp and cerebral spinal fluid to the brain region of
interest to modify the underlying membrane potential. As a result, the activation in a
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specific brain region can be excited or inhibited depending on the polarity of the trial.
When the underlying resting membrane potential becomes activated as a result from
anodal tDCS, improved performance has been observed during cognitive tasks [37, 38,
39].

1.3.2 The Theories of Transcranial Direct Current Stimulation
(tDCS)
There are many theories in the research community evaluating the effects of
transcranial direct current stimulation, however the most commonly discussed are the net
zero-sum theory and the activity selectivity theory. The net zero-sum theory is governed
by the concept of conservation of energy in a closed loop system. With respect to the
human brain, the net zero-sum theory states that the neural gains must be consistent with
the neural losses [40]. According to this theory if one structure of the brain is amplified
say working memory, then another structure will decline in functionality. To date, there
has not been any evidence displaying a cost/benefit relationship showing a decline in one
cognitive spectrum while another cognitive spectrum becomes amplified.

Another theory involving the effects of transcranial direct current stimulation is
the activity selectivity theory. The activity selectivity theory refers to the concept of
modulating a neuronal network that is already active, while not modulating the neuronal
networks that are inactive by applying tDCS over a specific brain region of interest [41].
This theory can be implemented by providing tDCS to a brain region that is already
activated by a governing cognitive task. If the area of interest is to improve working
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memory with tDCS, a cognitive task evaluating working memory can be administered
and the dorsolateral prefrontal cortex (DLPFC) which is associated with working
memory can be the site of stimulation. This will result in modulation of the active site,
dorsolateral prefrontal cortex, when the site is already modulated by performing the
working memory task. Previous researchers have provided evidence that tDCS can
enhance cognitive performance in tasks such as decision making [42], working memory
[43], visual search [44], and accelerated learning [45] when the brain structure is already
activated.

1.3.3 Modifying the Resting Membrane Potential
The current level applied during tDCS (1 to 2 milliamps) is too weak to directly
cause neurons to fire. Although, the current can cause modifications in the resting
membrane potential and background neural activity [46]. To view this on a cellular level,
the nervous system is comprised of neurons which when activated send signals to other
cells in the body. The path in which the neurons signal travels along are thin fibers
known as axons. At the end of each axon is a connection called synapses which releases
neurotransmitters (see Figure 1). Therefore, a cell that receives a synaptic signal from a
neuron can be excited, inhibited or modulated [47]. Hence, administering tDCS (1 or 2
milliamps) can increase or decrease the ability for neurons to fire resulting in activation
or deactivation of the specific brain region of interest.
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Figure 1: The Axon Pathway is a neurological connection in which neurons travel through a
bundle of axons in order to communicate between the nervous system [48]

The application of the anode electrode on the scalp will increase cortical
excitability by providing a positive charge to the brain region of interest. As a result, the
resting membrane potential will increase which will allow neurons to fire easier and more
rapidly during a cognitive task. If the polarity of the trial is switched and the cathode
electrode is placed on the scalp, a decrease in cortical excitability will occur by providing
a negative charge to the brain region of interest. Therefore, the resting membrane
potential will decrease which will make it more challenging for neurons to fire during a
cognitive task [49]. Shown below in figure two is a diagram depicting the changes in the
resting membrane potential based on the polarity of the trail.
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Figure 2: The cell resting state potential can be displayed by the yellow line which ranges between -60 and -80
mV. When anodal tDCS is administered to the scalp, the cell resting state potential decreases bringing it closer
to the action potential spike exciting the specified brain region displayed by the red line. When cathodal tDCS
is administered to the scalp, the cell resting state potential increases making it further away from the action
potential spike inhibiting the specified brain region displayed by the blue line [50]

1.3.4 Electrode Placement during Multitasking
There have been many studies providing evidence of electrode placement sites
during tDCS to improve attention [51], working memory [52], motor skill learning [53],
and visual search detection accuracy [54]. Although, many of these studies involve the
operator performing a single task not a multitask operation. Since there is very little
research that has been conducted on tDCS during a multitasking environment, a key
question that must be answered is where the electrode should be placed during a
multitasking environment to enhance human performance.
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To determine where an electrode should be placed on the scalp during a multitask environment, we need to examine which regions of the brain become activated while
multitasking. This can be accomplished by performing a functional magnetic resonance
image (fMRI) while an operator is performing a cognitive multitask. A functional
magnetic resonance image is a neuroimaging technique that measures brain activity by
detecting changes in blood flow. With BOLD fMRI (blood-oxygen level dependent
functional magnetic resonance image), changes in the MRI signal occurs due to local
changes in blood oxygenation, flow, and volume that result from the metabolism
associated with neuronal activity [55]. The concept entails that when an operator is
performing a cognitive task, the brain region that is associated with that task will display
a change in the ratio of oxygenated and deoxygenated blood. The ratio change in
oxygenated and deoxygenated blood can be analyzed to determine the signal intensity
change. As a result, we will be able to determine which brain structures become
activated during a multi-task.

There are several brain structures within the frontal lobe that become activated
during a cognitive multitask environment, however the brain structure that appears to be
universally activated is the dorsolateral prefrontal cortex (DLPFC) [56, 57, 58, 59]. The
dorsolateral prefrontal cortex is a region in the frontal lobe towards the top and on the
side of the brain, hence dorso “top” and lateral “side” (see Figure 3). The dorsolateral
prefrontal cortex is associated with working memory, decision making, planning, and
reasoning [60]. With the confounding evidence that tDCS applied to the dorsolateral
prefrontal cortex improves cognition and that the dorsolateral prefrontal cortex is
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activated during a multitasking environment, it appears to be the appropriate electrode
placement site to enhance an operators multitasking capabilities.

Figure 3: (A) The Dorsolateral Prefrontal Cortex is highlighted in purple in the diagram. This specific
brain region is associated with working memory, attention, planning and reasoning. [61]
(B) The fMRI image depicts the Dorsolateral Prefrontal Cortex Activated during a working memory task.
The highlighted red/yellow/green color shows the changes in the oxygenation level

To date, very little research has been conducted evaluating the effects of tDCS
during a multitasking environment. The objective of this dissertation was to determine if
two milliamps of transcranial direct current stimulation applied to the left dorsolateral
prefrontal cortex can be used as a countermeasure to improve cognitive performance
while multitasking. The left dorsolateral prefrontal cortex has been selected in this
experiment because of the handedness of our research population. In a functional
imaging study, it was shown that activation of the left dorsolateral prefrontal cortex was
superior compared to the right dorsolateral prefrontal cortex during a cognitive task for
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right-handed participants [62]. Since the majority of our research participants are right
handed, we selected the left dorsolateral prefrontal cortex for the stimulation site.
Although, providing stimulation to the right dorsolateral prefrontal cortex may also be
effective in augment cognitive performance in a multitasking environment.

Multitasking has become an integral aspect in the workforce, although people are
not well equipped cognitively to handle and maintain numerous concurrent tasks
effectively [63]. Therefore, finding a countermeasure that can be used to improve
cognition while multitasking would be instrumental to research community.
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2 Introduction and Literature Review

2.1

Problem Statement
Various tasks within the Air Force require operators to monitor and respond to

multiple events simultaneously over a long period of time in order to effectively complete
the task objectives. However with the monotonous nature of these tasks, the operator’s
performance may decline shortly after their work shift begins. In a multitasking
environment, this decline in performance is a result from information overload. With a
continuously increasing demand of information processing, the mental and physical
demand on the human operator can become overwhelming [64]. As a result, the human
operator is required to process information at a rate that exceeds their capabilities. Once
the operators processing capability has been saturated, the operator will no longer be able
to accurately monitor and respond to the overall task. This optimal level of information
processing capability for the human operator is known as the “multitasking throughput
capacity”. The human operator will lose the ability to process critical information, make
accurate and justifiable decisions, and priorities tasks when the multitasking throughput
capacity is present. This causes a major concern because if an event is missed or
responded to incorrectly, it can be catastrophic to the overall Air Force mission.
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Within the last several decades, cognitive workload capabilities have become of
key interest to the research community [65, 66, 67]. In a recent study, human operator
workload capabilities were directly correlated with the number of tasks that were being
monitored in a multitasking environment [68]. Therefore, a human operator has greater
capability to monitor and respond correctly to a task that contains two subtasks compared
to a task that contains four subtasks. Other factors such as education, age, and gender
appear to have a role in cognitive processing capabilities. However the question still
remains, is there a countermeasure that can be implemented to improve cognitive
performance during a multitasking environment.

As mentioned previously, one of the more well-known countermeasures to
improve attention and cognition in the workforce is caffeine [69]. Caffeine is a plant
alkaloid which can be found in everyday items such as coffee, tea, soft drinks and cocoa
[70]. It has been noted that a daily dose of caffeine intake of up to 300 milligrams is
considered to be safe and can decrease fatigue while improving alertness, concentration
and motor coordination [71]. Moreover, caffeine intake exceeding 300 milligrams during
a single day can be harmful to the human body resulting in nervousness, irritability, and
insomnia [72]. There appears to be many downfalls in using caffeine to enhance
cognition which include:
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•

Caffeine takes roughly thirty to sixty minutes to take into effect [73]

•

The benefits from caffeine decline over time from chronic use [74]

•

Age appears to have a significant role with respect to the cognitive enhancement
from caffeine. Few have reported no improvement of cognitive or attentional
performance for older adults following caffeine ingestion. While others have
reported improvement in cognitive and attentional performance following caffeine
ingestion [75]

Since multitasking paradigms within the Air Force require high cognitive
demand, the evidence stated provided real concerns that caffeine does not appear to be
the best countermeasure to improve attention and cognition. Again, is there a
countermeasure that can be used to improve human cognition during a multitasking
environment that does not have negative repercussions on the human operator?

One area of interest to mitigate performance decline in a multitasking
environment is the use of transcranial direct current stimulation (tDCS). Over the past
several decades, many researchers have been evaluating the effects of transcranial direct
current stimulation (tDCS) to augment and enhance performance in a single cognitive
task. The findings have been favorable providing evidence that transcranial direct current
stimulation can improve cognitive performance in a single working memory task without
displaying any significant side-effects [76, 77, 78]. Although tDCS has been beneficial
in enhancing human performance in a single working memory task, there has been very
little research to date evaluating the effects of tDCS during a multitasking environment.
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A very well-known multitasking paradigm is the Multi-Attribute Task Battery
(MATB). MATB was originally developed by the National Aeronautics and Space
Administration (NASA) to evaluate human performance metrics during a multitasking
paradigm. The version implemented in this research was the AF-MATB operating in
information throughput (IT) mode. AF-MATB requires the operator to simultaneously
monitor and respond to four separate tasks. Therefore, the purpose of this dissertation
was to determine the effects of transcranial direct stimulation in augmenting human
performance while performing the Multi-Attribute Task Battery (MATB).

2.2

Hypothesis
The Multi-Attribute Task Battery (MATB) was comprised of nine 4 minute

testing sessions resulting in a total task duration of thirty-six minutes. At the end of each
testing session, the total baud input rate will gradually increase by a factor of 0.2 bits/s.
With the increase of baud rate for each testing session, the total number of events will
also increase. Therefore as time on the task increases, the operator’s ability to correctly
monitor and respond to the events will begin to degrade as a result of increased workload.
It is our hypothesis that administering 2 milliamps of transcranial direct current
stimulation to the left dorsolateral prefrontal cortex during the multitasking paradigm
MATB will significantly enhance cognitive performance by surpassing the multitasking
throughput capacity (MTC) of the sham group. The dorsolateral prefrontal cortex was
selected because it is associated with cognitive control in areas such as decision making,
attention and working memory [79, 80, 81, 82]. The expectations we are anticipating to
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observe is that the overall performance accuracy will be statistically greater in the group
receiving anodal tDCS compared to the group receiving sham tDCS.

2.3 Significance of the Study
This study focuses on determining the effects of transcranial direct current
stimulation in augmenting human performance while performing the Multi-Attribute
Task Battery (MATB) using the Human Operator Informatics Model (HOIM). The
major contribution of this research is the development and implementation of the HOIM
which incorporates the Shannon, Hick-Hyman and Fitts Theories to evaluate information
processing capabilities and multitasking throughput capacity limitations. Determining
this information will be beneficial to the United States Air Force, Academia, and the
Research Community by examining new possible cognitive interventions such as
transcranial direct current stimulation (tDCS) and assessing whether it can be
implemented as a countermeasure for information throughput during a multitasking
paradigm. MATB was implemented as the multi-task in this study because it requires a
high level of cognitive resource sharing and it has been rated by previous research
participants as a good, face-valid method for assessing human performance [83].

Military personnel within the Air Force perform tasks regularly that rely heavily
on cognitive performance. The vast amount of information throughput an operator must
process and interpret can display a negative effect on their cognition during these vital
tasks. Therefore, tDCS may be an alternative countermeasure that can be implemented to
enhance information processing capability while multitasking. tDCS is relatively cheap,
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small, and easy to use and can be made portable which provides the possibility to
implement this technology into the field. Our expectations was that tDCS may improve
information throughput and processing capabilities resulting in increased performance,
decrease in errors, and decrease in stress level.

As well, there are very few side effects associated with tDCS compared to other
countermeasures that are currently being implemented to enhance cognition (caffeine,
pharmaceutical medication, etc.). The main effects that might be observed while
receiving transcranial direct current stimulation are a slight warming, itching, or tingling
sensation at the site of the electrodes once the stimulation begins. However, these
sensations are short lived and typically fade away within the first minute of stimulation.

Understanding the effects of tDCS on the Multi-Attribute Task Battery (MATB)
and discussing the results will allow other researchers the ability to investigate and
implement this technology on other multitasking paradigm tasks. This dissertation
provided background evidence that tDCS can be used as a countermeasure to augment
performance while multitasking.

2.4 Research Questions

(1) Does the anodal transcranial direct current stimulation group provide significant
evidence supporting improved performance in relation to overall performance and
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multitasking throughput capacity during the Multi-Attribute Task Battery (MATB)
compared to the sham transcranial direct current stimulation group?

(2) In previous research studies, it has been found that transcranial direct current
stimulation not only improves performance but also enhances mood during a single
cognitive task. Therefore, a question we wanted to answer in this research study is if
anodal transcranial direct current stimulation enhances mood during a multitasking
paradigm? A mood questionnaire was provided to each participant before and after their
testing session (see appendix). Data analysis was completed to determine if anodal tDCS
provided an enhancement in mood such as an increase of energy state after performing
the 36 minute multi-attribute task battery.

(3) Are there any personal characteristics (age, gender, education level, video game
player, handedness, etc.) that directly correlates to task performance during the MultiAttribute Task Battery (MATB)? An individual differences questionnaire was provided
to each participant on their first day to determine these personal characteristics (see
appendix). Data analysis was conducted to determine if there was any relationship
between personal characteristics within the anodal and sham tDCS which directly
correlated to the highest baud output performance.

21 | P a g e

3 Information Processing and Literature Review

3.1 Information Theory
Various tasks have been used to evaluate multitasking performance involving
information throughput, complexity, and mental workload demand. One of the most
widely used and accepted multi-tasks is the Multi-Attribute Task Battery (MATB).
MATB is a computer based task designated to measure an operator’s performance in
relation to mental workload capability [84]. Information theory has been implemented to
examine the effects of human performance which can be emulated in MATB.
Information theory is a mathematical theory of communication that has two primary
objectives. One objective is the development of the fundamental theoretical limitations
evaluating the achievable performance when communicating specific information from a
source over a given communication channel. The other objective is the development of a
coding scheme that provides performance with respect to optimal performance allowable
by an operator [85]. The information theory was introduced by Claude Shannon in early
publications [86, 87].
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3.1.1 Shannon
Claude Shannon created a mathematical model that examines the fundamental
problems of communication. One communication problem that was of interest evaluated
the effectiveness of a human operator to reproduce an exact message [86]. As a message
travels from one location to another, it becomes distorted and the original message may
not be the message perceived. As a result, a finite set of possible messages can reach the
destination point where one of the messages is the original message and the other
messages are fragments of the original message. Shannon modeled this theory in the
figure shown below:

Figure 4: The Schematic Diagram depicts the mathematical model of a
General Communication System developed by Shannon. The model
details the concept of an information source, message, transmitter,
signal, noise source, receiver and decoding which can be used to
evaluate information rate and channel capacity [86]
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The schematic diagram of the general communication system developed by
Shannon depicts an original starting point of the message which is labeled as the
information source. The message then travels through the transmitter which transforms
the message into a suitable signal that can be transmitted over the channel to the receiver.
It should be noted that the channel is considered a medium which is implemented to
transmit the signal from the transmitter to the receiver. It is at this point where the noise
source plays a critical role in modifying and altering the original message. While
traveling across the channel, the message will be reconstructed containing portions of the
original message and portions of noise. When the message reaches the receiver, the
message will be inverted from a signal into a message where it can then be moved to the
final destination. At the final destination, there will be a finite set of possible messages
where one is the original message and the remaining will be modified messages [86].
Shannon’s objective was to determine the uncertainty in respect to the information
source, or entropy.

In order to determine the reliability of the signal for the message, a mathematical
equation can be implemented to examine the probability of whether the received message
was the original message. The equation states that the probability of an event or message
occurring will influence the predictability. Moreover, as the probability of an event or
message increases so does the predictability of the event and vice versa. The set of
possible messages at the final destination will also be a factor in reducing the probability
of an event occurring and result in larger information content for a given signal [88].
Shown below is the logarithmic equation stating the probability of an event occurring:
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1
𝛽𝛽 = 𝑙𝑙𝑙𝑙𝑙𝑙2 � �
𝑃𝑃

Equation 1.1

In the logarithmic function, 𝛽𝛽 represents the amount of information in bits that is

created when a single event occurs. The parameter 𝑃𝑃 is denoted as the probability of a
given event occurring. Therefore, as the probability of a given event doubles (𝑃𝑃), the

amount of information in bits will increase by a factor of one. If all of the events have an
equal probability of occurring, the following modifications can be made to the equation:

𝛽𝛽 = 𝑙𝑙𝑙𝑙𝑙𝑙2 𝑎𝑎. 𝑜𝑜. 𝑐𝑐.

Equation 1.2

In the logarithmic function, 𝑎𝑎. 𝑜𝑜. 𝑐𝑐. represents the number of alternative choices.

The alternative of choice will become a key attribute associated with the MATB program
to determine the number of events that will occur with varying baud rates.

The information theory developed by Shannon paved the way for future
researchers including Hick, Hyman, and Fitts to interpret the concept of human
performance in relation to human-computer interaction (HCI) and multitasking.

3.1.2 Hick-Hyman Law
Hick was one of the first researchers to implement the information theory into the
field of psychology. In a study Hick conducted in 1951, he arranged 10 pea lamps in an
irregular circle and connected them to a device that would randomly turn on one of the
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lights every five seconds [89]. Each participant was instructed to depress the correct
morse key associated with the corresponding lamp when one of the lights turns on. A
morse key was provided for each of the 10 pea lamps. The objective of the study was to
determine the empirical relationship between choice reaction time and the stimulus
information content. The degree of choice (𝑛𝑛𝑐𝑐 ) was taking into consideration which

monitored and recorded incorrect key presses or errors. If no errors occurred, the degree
of choice would be 10. The findings provided evidence that the choice reaction time
could be interpreted as a logarithmic function involving stimulus information content. As
a result, Hick determined that entropy (𝐻𝐻) could be reduced by reducing the total number
of alternative of choices provided to the operator. Shown below is a plot depicting the
experimental results and the governing logarithmic equation [90]:

Figure 5: Hick's Results of Reaction Time versus Degree of Choice. There is a direct correlation to alternate of
choice (a.o.c.) and reaction time which is known as the Hick-Hyman Choice Task. The relationship can be
correlated to the System Monitoring, Communications and Resource Management portion of the MATB
program when the tasks are equally weighted
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1
𝐻𝐻 = � 𝑃𝑃𝑖𝑖 𝑙𝑙𝑙𝑙𝑙𝑙2 � �
𝑃𝑃𝑖𝑖
𝑖𝑖=1

Equation 2.1

Although Hick was able to expand on the information theory developed by
Shannon by providing evidence that choice reaction time could be interpreted as a
logarithmic function involving stimulus information content, he did not take into
consideration transmitted information which passes through the transmitter. In a study
conducted in 1953, Hyman used eight lights in a matrix of thirty-six lights (6 x 6 matrix)
where each of the lights were provided a specific word. When the task began a light
would randomly turn on, when this occurred the participant was instructed to verbally
state the word associated with the light. The objective of the study was to determine if a
relationship existed between choice reaction time and transmitted information [91]. His
findings provided evidence that choice reaction time was correlated to entropy and not
just the number of total number of alternative choices [90]. A linear relationship was
founded comparing choice reaction time and entropy which is shown below:

𝑅𝑅𝑅𝑅 = 𝑎𝑎 + 𝑏𝑏𝐻𝐻𝑇𝑇

Equation 2.2

Where,
𝑅𝑅𝑅𝑅: 𝑇𝑇ℎ𝑒𝑒 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑎𝑎: 𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

𝐻𝐻𝑇𝑇 : 𝑇𝑇ℎ𝑒𝑒 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑏𝑏: 𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
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Hick’s and Hyman’s experimental studies focused on assessing the cognitive
information capacity in choice-reaction time experiments [92]. From their findings
involving information theory, the Hick-Hyman Law was adapted. The Hick-Hyman Law
shined light on what is known as an operator’s channel capacity. The channel capacity
represents the performance plateau where the information throughput becomes complex
and overwhelming. Following the plateau, the operator’s performance will begin to
degrade.

3.1.3 Fitts Law

In 1954, a researcher named Fitts expanded on the information theory by
developing a model explaining a linear relationship between human movement and the
index of difficulty during human-computer interactions [93]. Fitts Law is calculated by
evaluating the response time measurements in rapid aiming movement tasks. During the
task, the measurements are recorded when moving from a home position toward a target
placed at a given distance [92]. The hypothesis was that the relationship between the
speed and accuracy of motion and the movement time would be affected by the targets
width and velocity [94].

In a study conducted in 1964, Fitts implemented a reciprocal tapping study where
the participants were asked to tap two rectangular metal plates alternately with a stylus.
The target plates were six inches in length and the width varied between a quarter of an
inch, a half of an inch, one inch and two inches. Each participant was instructed to strike
the target plates with the stylus in an alternative manner as fast and efficiency as possible.
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The objective of the experiment was to determine if a relationship existed between
difficulty of the task (difficulty level) and movement time [95]. Fitts discovered that the
task difficulty was linearly correlated to the movement time of the operator. Shown
below is a plot depicting the experimental results and the governing linear equation of the
relationship between task difficulty and operator movement time:

Figure 6: Fitts Results of Movement Time versus Index of Difficulty. There is a linear relationship between
movement time and the index of difficulty (ID) which is defined as a Fitts Movement Task. The linear relationship
can be correlated to the Targeting portion of the MATB program when the tasks are equally weighted [95]

𝐼𝐼𝑑𝑑 = 𝑙𝑙𝑙𝑙𝑙𝑙2 �
Where,

𝐴𝐴
�
𝑊𝑊𝛼𝛼 /2

𝐴𝐴: 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑊𝑊𝛼𝛼 : 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅
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Equation 3.1

3.1.4 Miller

The findings from Hick, Hyman and Fitts each encompassed the concept of a
channel capacity limitation during a human-computer interaction task. This was further
described by Miller in 1956 when he discovered that a channel capacity was present
during a single-task operation. A channel capacity implies that the baud rate output (i.e.
performance) will plateau or asymptote as a given difficulty level. This plateau marks
the optimal performance level where the task becomes to challenging and overwhelming
for the participant to effectively respond as shown below [96].

Figure 7: Channel Capacity for a Single-Task Operation developed by Miller in 1956. He noted that as the
amount of information input (𝜷𝜷𝑰𝑰𝑰𝑰 ) increased, a channel capacity limitation asymptote is met. When a
channel capacity is present, the human operator is no longer able to interpret and process information
adequately resulting in a plateau or decline in regards to the information output (𝜷𝜷𝑶𝑶𝑶𝑶𝑶𝑶 ) [94]
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Although Millers concept of a channel capacity was expressed in a single task
environment, this concept can be implemented in a multitasking environment based on
the human operator informatic model (HOIM), a throughput model. Our focus during
this dissertation was to implement tDCS while performing MATB to augment human
performance and increase the channel capacity limitations.
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4 Methods

4.1 Subjects
A total of 20 participants from Wright-Patterson Air Force Base participated in
the study. Of the 20 participants who completed the study, 16 were male and 4 were
female. Participants were randomly assigned to one of two groups. Group one received
anodal tDCS and group two received sham tDCS during their testing session. Recruiting
was accomplished via flyers and emails (see Appendix). Active duty military members
had the option to complete an Air Force Form 3902 “Application and Approval for OffDuty Employment” to receive compensation for their participation in the study. In order
for the active duty military members to receive compensation, they needed to be in an
off-duty status while they are actively participating in the study. Other participants from
the surrounding community (non-active duty military personnel volunteers) were not
required to complete the Air Force Form 3902. Participants received $20/hr as
compensation, provided through Wright State University, for their time. The time
obligation per participant was a total of one hour on two separate days. Please not that
this is not a subject panel, but rather a means of paying our participants.
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The age for the participants ranged from 21 to 41 years old with an average age of
31.1 (SD = 4.5). A background and medical screening questionnaire was completed to
ensure the participants qualified to participant in the study (Appendix). Listed below are
further exclusion criteria:

Exclusion Criteria:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Neurological Diagnosis
Psychological Diagnosis
Psychological Hospitalization
Recent Hospitalization for Surgery/Illness (within the past 6 months)
Psychotropic Medications
Shot (i.e. Flu, Allergies, Etc.) in the Left Arm (within the past 6 months)
Non-Removable Metal or Tattoos around the Head
Vision or Hearing Impairments that Cannot be Corrected with Vision or Hearing
Aids
Problems with Motor Coordination
Experience with the Multi-Attribute Task Battery (MATB)
Use of Implantable Birth Control Device such as Implanon
Pregnant or could be Pregnant during the Study
Color Blindness
Tobacco Use
Drug or Alcohol Treatment (within the past 6 months)
History of the Following
- Learning Difficulty
- Frequent Headaches
- Frequent Eye Strain
- Attention Deficit
- Severe Concussion or Brain Injury
- Recent Head Injury or Mild Concussion (within the past 30 days)
- Seizures
- Fainting
- Migraines
- High Blood Pressure
- Diabetes
- Heart Disease
- Recent Drug or Alcohol Treatment
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4.2 Devices
As research involving transcranial direct current stimulation progresses, the
technology behind the neural stimulation is becoming cutting-edge. When the
technology originated, the tDCS device consisted primarily of a large bulky power source
which provided the electrical current and sponge electrodes that needed to be soaked in
saline to distribute the current. However with an increase in popularity and interest in the
research community, various companies are dedicated to creating the most efficient and
state-of-the-art design. tDCS components are becoming smaller and more comfortable to
wear while at the same time becoming more precise and focal. Displayed below is an
illustration depicting the current devices used when implementing transcranial direct
stimulation which include the Magstim NeuroConn Dc Stimulation and the Electrodes:

Figure 8: (A) The electrode contains a 5 EEG array design with an inner diameter of 1.6cm. There is a positive
(anodal) and a negative electrode (cathodal) where one will be placed over the scalp and the other will be placed
over the contralateral upper arm depending on the polarity of the trail. (B) The MagStim NeuroConn DC Stimulator
is a standalone system equivalent to a 9V power source which has built-in safety features. As well, program codes
can be implemented into the box to allow for a double-blinded study – either active or passive electrical current
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4.2.1 Magstim NeuroConn DC Stimulator

A company known as Magstim is readily improving and testing revolutionary
designs for augment neuronal activity. Magstim stimulators are trusted by more
researchers and clinicians than any other manufactures. Throughout this research
experiment, we implemented the MagStim NeuroConn DC Stimulator (Magstim
Company Limited; Whitland, UK) as the power source provider for the transcranial direct
current stimulation. The device is battery-powered and is controlled with a
microprocessor to ensure constant current up to 5,000 𝜇𝜇𝜇𝜇. There are built-in safety
features that provide multistage monitoring of the output current and electrode

impedance. If the device detects impedance greater than 50 𝑘𝑘𝑘𝑘, it will automatically turn
off to prevent possible electric shock or burns from occurring. There are also study

modes that can be pre-programmed and implemented when using this device to ensure a
double-blinded study. The Magstim NeuroConn DC Stimulator is investigational only
and has not been FDA approved. Specifications have been provided to the Wright-Site
Institutional Review Board (IRB) and the device has been approved in previous research
protocols.

4.2.2 tDCS Electrodes
In early research involving tDCS, sponge electrodes soaked in saline were
implemented to administer the electrical current [97, 98, 99]. Although it was discovered
that when the saline spread or dripped from the electrode, it guided the electrical current
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in undesirable and unpredictable directions resulting in edge current spikes [100]. These
spikes can result in an increase in tingling, warming, itching or burning sensation during
tDCS. Shown below is an illustration of the edge current spikes resulting from sponge
electrodes:

Figure 9: The image displays the Edge Current Spikes resulting from Sponge Electrodes. When using sponge
electrodes, the saline can dry out shortly into the electrical stimulation resulting in uneven current distribution. In
the image provided, it can be seen that the current density is highest at the edge of the sponge electrodes which
could result in an increase of skin sensation. [101]

Recently, our research team collaborated with the defense advanced research
projects agency (DARPA) and developed a new electrode design that includes an array of
5 electroencephalographic (EEG) electrodes. Each electrode has an inner diameter of 1.6
𝑐𝑐𝑐𝑐 yielding a contact area of 2.01 𝑐𝑐𝑐𝑐2 for each electrode. When a 2 milliamp current is
𝑚𝑚𝑚𝑚

administered, there will be an average current density of 0.199 𝑐𝑐𝑐𝑐2 . Although these

electrodes are different than those administered in the majority of tDCS research studies
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[102], they have been shown to produce minimal sensation ratings (1.67) on an 11 point
scale (0 being no sensation and 10 being extreme discomfort).

4.3 Instrumentation
On each participants first day, before any study specific procedures and
instrumentation is conducted, potential participants will be provided with an informed
consent document by the research associate to review (see Appendix). Potential
participants who do not demonstrate the ability to understand or willingness to sign the
informed consent document were excluded from the research study. The informed
consent document is not a binding contract, the study is completely voluntary and
participants were able to withdraw at any time if they wish to do so. If the participant
chooses to participate in the study and signs the informed consent document, they then
filled out a medical screening questionnaire and an individual differences questionnaire
which was used for screening and data analysis (see Appendix). Those that were not
medically screened out for the study were compensated for their time and if they are
active-duty military personnel they must be in off-duty status and complete the Air Force
Form 3902. Following the completion of the forms, each participant reviewed a set of
PowerPoint slides explaining the details of the Multi-Attribute Task Battery (see
Appendix) and then began their first session of the task which constitutes training. The
training session allowed the participants to become familiar with the Multi-Attribute Task
Battery (MATB) and reduce learning effects. On the training day, the tDCS electrode
configuration was not administered. Data was analyzed to ensure a multitasking
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throughput capacity was present, if there is no multitasking throughput capacity or
performance decrement present the participant was not able to continue in the study.

When the participants returned to the laboratory for their testing session, they
began by completing the mood questionnaire (see Appendix). Once the mood
questionnaire was completed, the research associates began preparing the participant for
tDCS. An alcohol swab was applied to clean the region of the scalp and the contralateral
upper arm to remove any dirt and dead skin. An electrode was then placed on the scalp
over the left dorsolateral prefrontal cortex (lDLPFC) and the contralateral upper arm. The
lDLPFC was selected as the electrode site because of the handedness of our research
population. The majority of our participants are right-handed, therefore the literature
states that the greatest enhancement will occur when stimulation is provided to the
lDLPFC for right handed participants. Water soluble electrode gel (Signa Gel) was
administered to fill the couplets, which provided good contact between the skin and the
electrode. The electrode was then held in place by using a coban wrap. Once both
electrodes were connected to the participant, the impedance was checked and recorded.
It is important to note that we did not continue with the tDCS if the impedance measures
above 15 𝑘𝑘𝑘𝑘. Before the participant began the Multi-Attribute Task Battery (MATB), a
sensation questionnaire was completed 30 seconds and 3 minutes after the stimulation

began to ensure the safety and comfort of the participant. If the participant experiences
any discomfort, the research associate would stop the stimulation and have the participant
speak with the medical monitoring or an alternative before leaving the laboratory. If the
participant did not experience any discomfort, the participant then began the MATB
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program for a duration of 36 minutes. Once the task was completed, the research
associates removed the electrodes and had the participant complete a mood questionnaire
to examine if their mood was modified. The participant will then be thanked for their
participation and escorted out of the laboratory. Shown below is an illustration of the
tDCS electrode placement during the experiment:

Figure 10: tDCS Electrode Placement during the Experiment. The anodal electrode was placed over the left
dorsolateral prefrontal cortex (lDLPFC) and the cathodal electrode was placed over the right upper arm. This
current configuration modifies the underlining resting membrane potential exciting this brain region when
administering tDCS
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5 Experimental Design

A between subjects experimental design was utilized with factor “experimental
stimulation type”. The factor was stimulation type which includes two levels: (1) Active
anodal transcranial direct current stimulation over the left dorsolateral prefrontal cortex
(lDLPFC) for a duration of 30 minutes at 2 mA (2) Sham transcranial direct current
stimulation over the left dorsolateral prefrontal cortex. During sham tDCS the current
level ramps up to 2mA over a fifteen second window, distributes electrical current for
thirty seconds, then the current level ramps down to zero over fifteen seconds and shuts
off.

Since the study was tested between subjects, two groups were created. Therefore
ten participants received anodal tDCS and ten participants received sham tDCS on their
testing days. Before each participant completed the experimental stimulation type testing
session, they were assigned a randomized number and complete the MATB program
without any tDCS. This session is considered “Training” and allowed the participants to
become familiar with the task and reduce the effects associated with learning. Shown
below are the tables for the testing matrix and the randomized schedule for the
experiment:
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Table 1: Test Matrix

Factor

Stimulation Condition

1

Training (no tDCS administered)

2

Anodal Stimulation for a duration of 30 minutes at 2mA

3

Sham Stimulation

Table 2: Randomization Schedule

Subject

Day1

Day 2

Subject

Day 1

Day2

1

1

2

11

1

3

2

1

3

12

1

2

3

1

2

13

1

2

4

1

3

14

1

3

5

1

3

15

1

2

6

1

2

16

1

3

7

1

2

17

1

2

8

1

3

18

1

3

9

1

2

19

1

2

10

1

3

20

1

3
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6 The Multi-Attribute Task Battery (MATB)

The Multi-Attribute Task Battery (MATB) was originally developed by the
National Aeronautics and Space Administration (NASA) to evaluate human performance
metrics during a multitasking environment [103]. MATB requires the operator to
simultaneously monitor and respond to four separate tasks within the program. The tasks
consist of system monitoring, targeting, communications, and resource management.
MATB is known as a standard to evaluate human performance based on military and
government requirements [104]. This task has been administered in previous research
studies to evaluate multitasking capability with regards to sleep deprivation [83], mental
workload [105], and adaptive aiding and decision making [106]. In this research
experiment, we evaluated the effects of transcranial direct current stimulation on human
performance while performing MATB.

Each participant completed the task for a duration of 36 minutes during their
training and testing sessions. During the task, the baud input gradually increased every
four minutes resulting in a greater number of events occurring. Throughout the 36
minute task, the operator became overwhelmed and their information processing
capabilities became saturated, at this point the participant’s performance began to
decline. A two sample t-test was conducted and analyzed by comparing the stimulus
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input baud rate (bits/s) and the human operator response as an output rate for each group
[107]. The total baud input will begin at 0.6 bits/s and increase to 2.2 bits/s by a factor of
0.2 bits/s every four minutes. Shown below is an illustration of the User Interface of the
Multi-Attribute Task Battery (MATB):

Figure 11: User Interface of the Multi-Attribute Task Battery (MATB). MATB consists of four individual tasks which
include System Monitoring, Communications, Targeting and Resource Management. The objective for the
participant was to complete all four of the individual tasks to the best of their ability as the workload demands
increased [103]
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6.1 System Monitoring
System monitoring was located in the top left corner of the MATB window and
consists of two subtasks: lights and dials. The two rectangles at the top of the system
monitoring task represent the warning lights. At the beginning of the task, the left light
displayed a green color indicating the “on” position. Sporadically, the left light changed
colors to black indicating the light has turned “off”. When this event occurs, the
participant was to press the F5 key on the keyboard to turn the light back on. The right
light displayed a black color indicating the light is “off” at the beginning of the task.
Sporadically, the right light turned red indicating the light has turned “on”. When this
event occurs, the participant was to press the F6 key on the keyboard to turn the light
back off. The participant had five seconds to respond to the event before the light
naturally resets to the resting state. The equal probability of the alternative of choice for
the lights subtask is 2.

Beneath the lights are the dials which consist of four vertical columns, each with a
moving pointer. Throughout the task, the pointer gradually oscillated up and down
independently on each of the four dials. The resting state of the pointers was within one
vertical unit up and down from the center of the dial. Occasionally, one or more of the
pointers would gradually shift to the top or the bottom of the dial and begin oscillating
between a new point. When this event occurs, the participant was to press the
corresponding F key associated with the dial (F1-F4). The participant had five seconds to
respond to the event before the dials naturally rest to the resting state. If the participant
responds correctly to a dial event, the associated F key flashed green indicating the
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participant correctly responded to the event. The equal probability of the alternative of
choice for the dials subtask is 4. Shown below is an illustration of the system monitoring
portion of MATB:

Figure 12: System Monitoring Component of MATB consist of two subtasks – Lights and Dials. There are two
lights, the left light displays a green color stating the light is on and the right light displays a black color stating
the light is off. When the lights modify from the original resting state, the human operator would select the
F5/F6 key to revert them back. There are four dials with a yellow marker in the middle of each dial. During the
task the yellow marker will oscillate one location above and below the center marker. If the dial shifts out of
the original oscillation range, the human operator would select the F1-F4 key to revert it back.

6
6.2 Targeting
Targeting was located in the top right corner of the MATB window. This portion
of the task required the participant to use a joystick in an attempt to keep the green cursor
within the larger circular target which is outlined in yellow. The larger circular target is
the cut-off region for the output baud rate during this portion of the task. If the
participant allows the cursor to proceed beyond the larger circular target, they will not be
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credited for an output baud rate during the time the cursor is outside of this specified
region. It is important to note that there is no timing out on this portion of the task, the
green cursor will remain outside the large circular target until the participant corrects the
location by using the joystick to move the cursor within the target. The targeting window
of MATB has a standardized cursor velocity predefined in the task configuration and the
diameter of the large circular target is 99 pixels. Moreover, the objective of the targeting
task was to keep the green cursor with the large circular target. Shown below is an
illustration of the targeting portion of MATB and the joystick used in the experiment:

Figure 13: Targeting Component of MATB consists of a small green circle and a large yellow circle. The objective of
this task is to keep the green circle inside the larger yellow circle during the testing phase. The green circle will
deviate around the computer screen and the human operator will correct for this deviation by applying pressure to
the joystick to revert the green circle back within the yellow circle.
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6.3 Communications
Communications was located in the bottom left corner of the MATB window and
consists of two sub-tasks: channel and frequency. This portion of the task required the
participant to continuously listen to audio feedback with respect to a specific call sign.
Each of the messages will begin with the same call sign NGT504 proceeded by a
communication and frequency channel. The message instructed the participant to modify
a specific communication channel to a different frequency. When an audio message
occurs, the participant would navigate to the corresponding channel by using the up and
down arrow keys on the keyboard. Once the participant has located the appropriate
channel, they would then set the frequency to the value observed in the message by using
the left and right arrow keys on the keyboard. Once the channel and frequency have been
modified, the participant would select the enter button on the keyboard to finalize these
changes. The participant had five seconds to respond to the event in order to receive
credit for completing the task. The equal probability of the alternative of choice for the
channels is 4 which include NAV1, NAV2, COM1, and COM2. Shown below is an
illustration of the communication portion of MATB:
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Figure 14: The Communication Component of MATB consists of a call sign NGT504 with four channels and
frequencies associated with each channel. The objective of this individual task is to modify the channel to a
specific frequency which will be stated in an auditory message. This can be accomplished by using the up, down,
left and right arrow keys on the keyboard.

6.4 Resource Management

Resource management was located in the bottom right corner of the MATB
window. This portion of the task required the participant to continuously monitor two
tank fluid levels and ensure that the volume of the tanks remained within the appropriate
guidelines. The two tanks that were monitored were Tank A and Tank B. Throughout
the task, the participant’s objective was to keep the two tanks fluid level within the red
outlined displayed in the middle of the tank. If one or both of the tanks exceeds are falls
below the appropriate guideline, the participant would turn on or off the reservoir tanks
which will increase or decrease the fluid volume in Tank A and Tank B. The reservoir
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tanks have an “on” and “off” switch that corresponds to a number on the keyboard. If the
switch is green, the reservoir pump is “on” and the fluid tanks volume would gradually
increase. If the switch is black, the reservoir pump is “off” and the fluid tanks volume
would gradually decrease. The participant would be fully credited a baud output rate
during the time the tanks volume was within the appropriate volume guidelines. If the
tanks volume was greater or less than the appropriate guideline but the correction had
been made to modify the volume in order to be within the appropriate guideline, the
participant would be credited with half the baud output rate until the fluid level is within
the appropriate guideline. The SAS code that analyzes the half and fully baud rate credit
for this portion of the task can be found in the Appendix. It is important to note that there
was no timing out in this portion of the task, the tanks volume would only be modified
when the participant selected the correct key response. The equal probability of the
alternative of choice for Tank A and Tank B is 2 which corresponds to the “on” and “off”
button of the reservoir tank. Shown below is an illustration of the resource management
portion of MATB:
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Figure 15: Resource Management Component of MATB contains two fuel tanks that need to be monitored – Tank A and Tank
B. During the task the human operator will turn on and off the reservoir tank for these tanks to increase or decrease the fuel
level in order to keep the fuel between the upper and lower limits displayed by the horizontal red lines. When the reservoir
tank is on the fuel level will increase and when the reservoir tank is off the fuel level will decrease. The 2 and 4 key on the
keyboard will be used to increase or decrease the fuel levels in Tank A and Tank B.
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7 Mathematical Methods for the Human Operator
Informatic Model (HOIM)

The Multi-Attribute Task Battery (MATB) consists of four separate components
which consist of system monitoring (M), targeting (T), communications (C), and resource
management(R). Each component can be analyzed in terms of a baud rate which is
measured in bit per second. A baud rate is defined as spatial information in bits divided
by temporal information in seconds [108]. With this information, human performance for
each component can be evaluated while performing Multi-Attribute Task Battery
(MATB). Shown below is the generalized equation for the baud input rate:

𝛽𝛽𝐼𝐼𝐼𝐼(𝑖𝑖) =

𝑄𝑄𝑖𝑖
𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖

Equation 4.1

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑡𝑡ℎ𝑒𝑒 𝑖𝑖 𝑡𝑡ℎ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝑀𝑀, 𝑇𝑇, 𝐶𝐶 𝑎𝑎𝑎𝑎𝑎𝑎 𝑅𝑅
The baud rates that were implemented in the experiment include 0.6, 0.8, 1.0, 1.2,
1.4, 1.6, 1.8, 2.0 and 2.2 bits/s. Each baud rate consists of a four minute time interval.
Therefore, determining the event rates for the task components provided necessary
information required for programming the Multi-Attribute Task Battery (MATB). The
following are the mathematical calculations to determine the number of events that will
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occur for the baud input rate with relation to system monitoring: lights and dials,
targeting, communications, and resource management. It is important to note that the
four tasks were equally weighted, therefore no task had greater importance than another
task.

7.1 Baud Rate for Lights
The necessary equations to determine the number of events that occurred for the
baud input rate with respect to lights are displayed below:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒,

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 = 𝑙𝑙𝑙𝑙𝑔𝑔2 (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)

𝑇𝑇ℎ𝑒𝑒 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 𝑖𝑖𝑖𝑖 2
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

∆𝑡𝑡

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

∆𝑡𝑡 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡ℎ𝑒𝑒 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
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Equation 5.1

Equation 5.2

Equation 5.3

First, we need to determine the baud input rate for lights which allows the task to
be proportionally weighted. We can use the following equation to determine this value:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇)(

0.6 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =
= 0.050

= 0.067

0.6

6

(4) � �
2

= 0.083

0.8

6

(4) � �
2

= 0.100

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =
= 0.117

1.4

)

6

(4) � �
2

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =
= 0.133

1.6

6

(4) � �
2

1.8 Total Baud Input
1.0

6

(4) � �
2

1.2 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

Equation 5.4

1.6 Total Baud Input

1.0 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑘𝑘 𝑎𝑎.𝑜𝑜.𝑐𝑐.

1.4 Total Baud Input

0.8 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎.𝑜𝑜.𝑐𝑐.𝑓𝑓𝑓𝑓𝑓𝑓 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =
= 0.150

1.8

6

(4) � �
2

2.0 Total Baud Input
1.2

6

(4) � �
2
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𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =
= 0.167

2.0

6

(4) � �
2

2.2 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =
= 0.183

2.2

6

(4) � �
2

Shown below is a summary table of the baud input rate for lights which allows the
task to be equally weighted. With this information, we determined the number of events
that occurred over the four minute time interval:

Total Baud Input
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

Baud Input for Lights
0.050
0.067
0.083
0.100
0.117
0.133
0.150
0.167
0.183

Table 3: Baud Input for Lights at each of the Total Baud Input Rates when
the Multi-Attribute Task Battery (MATB) is equally weighted

Next, we can implement the baud input rates for lights into the governing
equation (5.1) to determine the number of events that occurred during the four minute
time frame:
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1.0 Total Baud Input

0.6 Total Baud Input

𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)
0.050 =
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

0.083 =

20 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

12 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)
0.067 =
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

0.100 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

10 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

= 16 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 = 10 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 = 15 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

15 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

1.2 Total Baud Input

0.8 Total Baud Input

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

= 20 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

= 12 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 = 12 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 = 20 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
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240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

= 24 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

1.4 Total Baud Input

1.8 Total Baud Input

𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

0.117 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

0.15 =

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝑙𝑙𝑙𝑙𝑔𝑔2 (2)
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 = 8.57 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 = 6.67 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

8.57 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

6.67 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

= 28 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

= 36 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
2.0 Total Baud Input

1.6 Total Baud Input
𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

0.133 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

0.167 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 = 6 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 = 7.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

7.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

6 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

= 32 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
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240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

= 40 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

2.2 Total Baud Input
𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

0.183 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 = 5.45 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡 =

6 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

𝑛𝑛𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡

= 44 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
Shown below is a summary table of the total baud input rate with respect to the
number of events that occurred during the four minute time intervals for lights:
Total Baud Input
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

Number of Events (4min Time Interval)
12
16
20
24
28
32
36
40
44

Table 4: Using the Individual Baud Input Rate for Lights at each of the nine Total Baud Input Rates in the
appropriate equations developed by Shannon, Hick-Hyman and Fitts incorporated into the HOIM will provide the
number of events which will occur at each Baud Rate. Shown above are the number of events that will occur
within the Lights task for each of the nine Baud Input Rates
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7.2 Baud Rate for Dials
The necessary equations to determine the number of events that occurred for the
baud input rate with respect to dials are displayed below:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝛽𝛽𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

Equation 6.1

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒,

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝑙𝑙𝑙𝑙𝑔𝑔2 (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)

Equation 6.2

𝑇𝑇ℎ𝑒𝑒 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑖𝑖𝑖𝑖 4
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

∆𝑡𝑡

𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

Equation 6.3

∆𝑡𝑡 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡ℎ𝑒𝑒 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

First, we need to determine the baud input rate for dials which allows the task to be
proportionally weighted. We can use the following equation to determine this value:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑜𝑜𝑜𝑜 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇)(

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎.𝑜𝑜.𝑐𝑐.𝑓𝑓𝑓𝑓𝑓𝑓 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎.𝑜𝑜.𝑐𝑐.

Equation 6.4
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)

0.6 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
= 0.100

1.6 Total Baud Input
0.6

6

(4) � �
4

= 0.133

0.8

6

(4) � �
4

= 0.167

1.0

6

(4) � �
4

= 0.200

1.2

6

(4) � �
4

1.4 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
= 0.233

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
= 0.300

1.8

6

(4) � �
4

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
= 0.333

2.0

6

(4) � �
4

2.2 Total Baud Input

1.2 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

6

(4) � �
4

2.0 Total Baud Input

1.0 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

= 0.267

1.6

1.8 Total Baud Input

0.8 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
= 0.367

2.2

6

(4) � �
4

1.4

6

(4) � �
4

Shown below is a summary table of the total baud input rate which allows the task
to be equally weighted. With this information, we determined the number of events that
occurred over the four minute time interval:
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Total Baud Input
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

Baud Input for Dials
0.100
0.133
0.167
0.200
0.233
0.267
0.300
0.333
0.367

Table 5: Baud Input for Dials at each of the Total Baud Input Rates when
the Multi-Attribute Task Battery (MATB) is equally weighted

Next, we can implement the baud input rates for dials into the governing equation
(6.1) to determine the number of events that occurred during the four minute time frame:

0.6 Total Baud Input
𝛽𝛽𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
0.100 =

0.8 Total Baud Input

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝛽𝛽𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (4)
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

0.133 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 20 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (4)
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 15 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

20 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

15 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

= 12 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

= 16 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
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1.0 Total Baud Input

𝛽𝛽𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
0.167 =

1.4 Total Baud Input

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑙𝑙𝑙𝑙𝑔𝑔2 (4)
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

0.233 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

12 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

= 28 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
1.6 Total Baud Input

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝛽𝛽𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (4)
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

0.267 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛𝑑𝑑𝑑𝑑
=
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

10 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑙𝑙𝑙𝑙𝑔𝑔2 (4)
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

7.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

= 24 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 7.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 10 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

1.2 Total Baud Input

0.200 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

8.57 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

= 20 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝛽𝛽𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (4)
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 8.57 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 12 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝛽𝛽𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

61 | P a g e

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

= 32 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

2.0 Total Baud Input

1.8 Total Baud Input

𝛽𝛽𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
0.300 =

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑙𝑙𝑙𝑙𝑔𝑔2 (4)
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

0.333 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 6.67 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝛽𝛽𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (4)
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 6 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
6 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
6.67 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

= 40 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

= 36 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

2.2 Total Baud Input

𝛽𝛽𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
0.367 =

𝑄𝑄𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (4)
𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

5.45 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 5.45 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑛𝑛𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 44 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

Shown below is a summary table of the total baud input rates with respect to the
number of events that occurred during the four minute time intervals for dials:
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Total Baud Input
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

Number of Events (4min Time Interval)
12
16
20
24
28
32
36
40
44

Table 6: Using the Individual Baud Input Rate for Dials at each of the nine Total Baud Input Rates in the appropriate
equations developed by Shannon, Hick-Hyman and Fitts incorporated into the HOIM will provide the number of
events which will occur at each Baud Rate. Shown above are the number of events that will occur within the Dials
task for each of the nine Baud Input Rates

7.3 Baud Rate for Targeting
The necessary equations to determine the cursor velocity that occurred for the
baud input rates with respect to targeting are displayed below:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝛽𝛽𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

𝑄𝑄𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒,

3𝐷𝐷

Equation 7.1

Equation 7.2

𝑄𝑄𝑇𝑇𝑎𝑎𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑙𝑙𝑙𝑙𝑔𝑔2 � 2𝐷𝐷 �
2

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

3𝐷𝐷
𝑉𝑉�

𝐷𝐷 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 33 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑉𝑉� 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
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Equation 7.3

First, we need to determine the baud input rate for targeting which allows the task
to be equally weighted. We can use the following equation to determine this value:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝
(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇)

0.6 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =
= 0.150

1.6 Total Baud Input
0.6
(4)

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =
= 0.400

= 0.200

0.8
(4)

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =
= 0.450

1.0 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =
= 0.250

= 0.300

1.0
(4)

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =
= 0.500

= 0.350

2.0
(4)

2.2 Total Baud Input
1.2
(4)

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =
= 0.550

1.4 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

1.8
(4)

2.0 Total Baud Input

1.2 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

1.6
(4)

1.8 Total Baud Input

0.8 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

Equation 7.4

1.4
(4)
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2.2
(4)

Shown below is a summary table of the baud input rates for targeting which
allows the task to be equally weighted. With this information, we determined the number
of events that occurred over the four minute time intervals:

Total Baud Input
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

Baud Input for Targeting
0.150
0.200
0.250
0.300
0.350
0.400
0.450
0.500
0.550

Table 7: Baud Input for Targeting at each of the Total Baud Input Rates when
the Multi-Attribute Task Battery (MATB) is equally weighted

Next, we can implement the baud input rate for targeting into the governing
equation (7.1) to determine the number of events that will occur during the four minute
time frame:
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0.6 Total Baud Input

𝛽𝛽𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =
0.150 =

1.0 Total Baud Input

𝑄𝑄𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝛽𝛽𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

3∙33

𝑙𝑙𝑙𝑙𝑔𝑔2 � 2∙33 �
2

0.250 =

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 10.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

10.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑉𝑉� = 1.0

0.200 =

3𝐷𝐷
𝑉𝑉�

3𝐷𝐷
𝑉𝑉�
3 ∙ 33
6.32 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑉𝑉�

3 ∙ 33
𝑉𝑉�

𝑉𝑉� = 1.6

𝛽𝛽𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

3∙33

𝑙𝑙𝑙𝑙𝑔𝑔2 � 2∙33 �
2

0.300 =

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 7.9 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑉𝑉� = 1.3

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

1.2 Total Baud Input

𝑄𝑄𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

7.9 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

2

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

3∙33

𝑙𝑙𝑙𝑙𝑔𝑔2 � 2∙33 �

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 6.32 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

0.8 Total Baud Input

𝛽𝛽𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

𝑄𝑄𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑄𝑄𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
3∙33

𝑙𝑙𝑙𝑙𝑔𝑔2 � 2∙33 �
2

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 5.27 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

3𝐷𝐷
𝑉𝑉�

3𝐷𝐷
𝑉𝑉�
3 ∙ 33
5.27 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑉𝑉�
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

3 ∙ 33
𝑉𝑉�

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑉𝑉� = 1.9
66 | P a g e

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

1.4 Total Baud Input

𝛽𝛽𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =
0.350 =

1.8 Total Baud Input

𝑄𝑄𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝛽𝛽𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

3∙33

𝑙𝑙𝑙𝑙𝑔𝑔2 � 2∙33 �
2

0.450 =

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 4.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

4.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑉𝑉� = 2.2

0.400 =

3𝐷𝐷
𝑉𝑉�

3𝐷𝐷
𝑉𝑉�
3 ∙ 33
3.51 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑉𝑉�

3 ∙ 33
𝑉𝑉�

𝑉𝑉� = 2.8

𝛽𝛽𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

3∙33

𝑙𝑙𝑙𝑙𝑔𝑔2 � 2∙33 �
2

0.500 =

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 3.95 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑉𝑉� = 2.5

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

2.0 Total Baud Input

𝑄𝑄𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

3.95 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

2

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

3∙33

𝑙𝑙𝑙𝑙𝑔𝑔2 � 2∙33 �

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 3.51 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

1.6 Total Baud Input

𝛽𝛽𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

𝑄𝑄𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑄𝑄𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
3∙33

𝑙𝑙𝑙𝑙𝑔𝑔2 � 2∙33 �
2

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 3.16 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

3𝐷𝐷
𝑉𝑉�

3𝐷𝐷
𝑉𝑉�
3 ∙ 33
3.16 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = =
𝑉𝑉�
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑔𝑔𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =

3 ∙ 33
𝑉𝑉�

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑉𝑉� = 3.1
67 | P a g e

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

2.2 Total Baud Input

𝛽𝛽𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =
0.550 =

𝑄𝑄𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

3∙33

𝑙𝑙𝑙𝑙𝑔𝑔2 � 2∙33 �

2.87 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

2

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑉𝑉� = 3.4

𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 2.87 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

3𝐷𝐷
𝑉𝑉�

3 ∙ 33
𝑉𝑉�

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

Shown below is a summary table of the total baud input rate with respect to the
cursor velocity that will occur during the four minute time intervals for targeting:

Total Baud Input
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

Cursor Velocity (4min Time Interval)
1.0 pixels/cycle
1.3 pixels/cycle
1.6 pixels/cycle
1.9 pixels/cycle
2.2 pixels/cycle
2.5 pixels/cycle
2.8 pixels/cycle
3.1 pixels/cycle
3.4 pixels/cycle

Table 8: Using the Individual Baud Input Rate for Targeting at each of the nine Total Baud Input Rates in the
appropriate equations developed by Shannon, Hick-Hyman and Fitts incorporated into the HOIM will provide the
number of events which will occur at each Baud Rate. Shown above is the cursor velocity that will occur within the
Targeting task for each of the nine Baud Input Rates

68 | P a g e

7.4 Baud Rate for Communication
The necessary equations to determine the number of events that will occur for the
baud input rate with respect to communications are displayed below:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝛽𝛽𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =

𝑄𝑄𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

Equation 8.1

𝑄𝑄𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑄𝑄𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑄𝑄𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

Equation 8.2

𝑄𝑄𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑙𝑙𝑙𝑙𝑔𝑔2 (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)

Equation 8.3

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒,

𝑇𝑇ℎ𝑒𝑒 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 4
𝑎𝑎𝑎𝑎𝑎𝑎

𝑄𝑄𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 𝑙𝑙𝑙𝑙𝑔𝑔2 (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)

Equation 8.4

𝑇𝑇ℎ𝑒𝑒 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑖𝑖𝑖𝑖 13
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =

∆𝑡𝑡

𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

∆𝑡𝑡 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡ℎ𝑒𝑒 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

Equation 8.5

𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
69 | P a g e

First, we need to determine the baud input rate for communications which allows
the task to be equally weighted. We can use the following equation to determine this
value:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇)

1.4 Total Baud Input

0.6 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
0.6
= 0.150
=
(4)

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
1.4
= 0.350
=
(4)
1.6 Total Baud Input

0.8 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
0.8
=
= 0.200
(4)
1.0 Total Baud Input

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
1.6
=
= 0.400
(4)
1.8 Total Baud Input

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
1.0
=
= 0.250
(4)
1.2 Total Baud Input

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
1.8
=
= 0.450
(4)
2.0 Total Baud Input

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
=

Equation 8.6

1.2
= 0.300
(4)

70 | P a g e

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
2.0
=
= 0.500
(4)

2.2 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
2.2
=
= 0.550
(4)

Shown below is a summary table of the baud input rate for communications
which allows the task to be equally weighted. With this information, determined the
number of events that will occur over the four minute time interval:

Baud Input for Communications
Total Baud Input
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

0.150
0.200
0.250
0.300
0.350
0.400
0.450
0.500
0.550

Table 9: Baud Input for Communications at each of Total Baud Input Rates when
the Multi-Attribute Task Battery (MATB) is equally weighted

Next, we can implement the baud input rate for communications into the
governing equation (8.1) to determine the number of events that occurred during the
four minute time frames:

71 | P a g e

0.6 Total Baud Input
𝑄𝑄𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝛽𝛽𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
0.150 =

1.0 Total Baud Input

𝑙𝑙𝑙𝑙𝑔𝑔2 (4) + 𝑙𝑙𝑙𝑙𝑔𝑔2 (13)
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

0.250 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 38 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
38 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
22.8 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

1.2 Total Baud Input

𝑄𝑄𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

0.300 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 28.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑙𝑙𝑙𝑙𝑔𝑔2 (4) + 𝑙𝑙𝑙𝑙𝑔𝑔2 (13)
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 19 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

240 𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

19 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

= 8 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝑄𝑄𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝛽𝛽𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (4) + 𝑙𝑙𝑙𝑙𝑔𝑔2 (13)
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

28.5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

= 11 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

0.8 Total Baud Input

𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

= 6 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

0.200 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (4) + 𝑙𝑙𝑙𝑙𝑔𝑔2 (13)
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
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2.2 Total Baud Input
𝑄𝑄𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝛽𝛽𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
0.550 =

𝑙𝑙𝑙𝑙𝑔𝑔2 (4) + 𝑙𝑙𝑙𝑙𝑔𝑔2 (13)
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 10.4 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
10.4 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

240 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

= 23 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

Shown below is a summary table of the total baud input rate with respect to the
number of events that occurred during the four minute intervals for communication:

Total Baud Input
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

Number of Events (4min Time Interval)
6
8
11
13
15
17
19
21
23

Table 10: Using the Individual Baud Input Rate for Communications at each of the nine Total Baud Input Rates in the
appropriate equations developed by Shannon, Hick-Hyman and Fitts incorporated into the HOIM will provide the number of
events which will occur at each Baud Rate. Shown above are the number of events that will occur within the
Communications task for each of the nine Baud Input Rates
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7.5 Baud Rate for Resource Management
The necessary equations to determine the total volume capacity (𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 ), starting

volume, lower limit and upper limit guidelines for the various baud input rates with
respect to resource management are displayed below:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝛽𝛽𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒,

𝑄𝑄𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑙𝑙𝑙𝑙𝑔𝑔2 (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)

𝑇𝑇ℎ𝑒𝑒 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑖𝑖𝑖𝑖 2
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
𝑉𝑉𝑜𝑜̇

Equation 9.1

Equation 9.2

Equation 9.3

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡ℎ𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐵𝐵
𝑉𝑉𝑜𝑜̇ 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡ℎ𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

It should be noted that the fuel fluid drain rate of Tank A and Tank B is denoted
by 𝑉𝑉𝑜𝑜 and is 100 units per second. If the pump switches are disabled, Tank A and Tank B

drained at this constant rate (𝑉𝑉𝑜𝑜 ). When the pump switches are enabled, Tank A and Tank

B were filled at twice the fuel drain rate (2𝑉𝑉𝑜𝑜 ). Therefore, when the pump switches are
enabled Tank A and Tank B filled at a constant rate of 2𝑉𝑉𝑜𝑜 − 𝑉𝑉𝑜𝑜 = 𝑉𝑉𝑜𝑜 .
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First, we need to determine the baud input rate for resource management which
allows the task to be equally weighted. We can use the following equation to determine
this value:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇)

Equation 9.4

0.6 Total Baud Input

1.4 Total Baud Input

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
0.6
= 0.150
=
(4)

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
1.4
= 0.350
=
(4)

0.8 Total Baud Input

1.6 Total Baud Input

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
0.8
=
= 0.200
(4)

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
1.6
= 0.400
=
(4)

1.0 Total Baud Input

1.8 Total Baud Input

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
1.0
=
= 0.250
(4)

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
1.8
=
= 0.450
(4)

1.2 Total Baud Input

2.0 Total Baud Input

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
1.2
=
= 0.300
(4)

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
2.0
=
= 0.500
(4)
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2.2 Total Baud Input
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
2.2
=
= 0.550
(4)
Shown below is a summary table of the baud input rate for resource management
which allows the task to be equally weighted. With this information, we determined the
number of events that occurred over the four minute time interval:

Total Baud Input
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

Baud Input for Resource Management
0.150
0.200
0.250
0.300
0.350
0.400
0.450
0.500
0.550

Table 11: Baud Input for Resource Management at each of the Total Baud Input Rates when
the Multi-Attribute Task Battery (MATB) is equally weighted

Next, we can implement the baud input rates for resource management into the
governing equation (9.1) to determine the total volume capacity (𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 ), starting volume,
lower limit and upper limit guidelines that occurred during the four minute time frame:
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0.6 Total Baud Input

0.8 Total Baud Input

𝛽𝛽𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝛽𝛽𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

=

0.150 =

𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

=

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)

0.200 =

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 6.67 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
6.67 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑙𝑙𝑙𝑙𝑔𝑔2 (2)

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
𝑉𝑉𝑜𝑜̇

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
100 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

5 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
𝑉𝑉𝑜𝑜̇

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
100 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 = 8888

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 = 6666

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 4444

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 3333

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 3777

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 2833

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 5110

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 3833
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1.0 Total Baud Input

1.2 Total Baud Input
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𝛽𝛽𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

=

0.250 =

𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

=

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)

0.300 =

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 4 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑑𝑑𝑑𝑑
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
0

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑙𝑙𝑙𝑙𝑔𝑔2 (2)

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 3.33 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑑𝑑𝑠𝑠

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
𝑉𝑉𝑜𝑜̇

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇

3.33 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

100 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 = 5334

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
𝑉𝑉𝑜𝑜̇

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
100 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 = 4444

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 2667

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 2222

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 2266

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 1888

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 3066

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 2555
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𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 2.86 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
𝑉𝑉𝑜𝑜̇

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
2.86 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
100 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

0.3

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
𝑉𝑉𝑜𝑜̇

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇

100 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 = 3333

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 = 3810

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 1666

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 1905

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 1417

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖 = 1620

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 1917

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 2190
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1.8 Total Baud Input

2.0 Total Baud Input

𝛽𝛽𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝛽𝛽𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

=

0.450 =

𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

=

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)

0.500 =

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 2.22 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
2.22 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑙𝑙𝑙𝑙𝑔𝑔2 (2)

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 2 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
𝑉𝑉𝑜𝑜̇

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
100 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

0

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
𝑉𝑉𝑜𝑜̇

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇

100 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 = 2666

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 = 2964

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 1333

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 1482

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 1133

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 1260

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 1533

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 1705
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2.2 Total Baud Input
𝛽𝛽𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
=
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

0.550 =

1.82 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 = 2424

𝑙𝑙𝑙𝑙𝑔𝑔2 (2)

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 1212

𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 1.82 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
100 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 1030

0.075𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇
𝑉𝑉𝑜𝑜̇

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 1394

Shown below is a summary table of the total baud input rates with respect to the
total volume capacity (𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 ), starting volume, lower limit and upper limit guidelines that

occurred during the four minute time intervals for resource management:

Total Baud
Input
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

Total Volume
Capacity
(𝑽𝑽𝑻𝑻𝑻𝑻𝑻𝑻 )
8888
6666
5334
4444
3810
3333
2964
2666
2424

Starting
Volume

Lower Limit
Guideline

Upper Limit
Guideline

4444
3333
2667
2222
1905
1666
1482
1333
1212

3777
2833
2266
1888
1620
1417
1260
1133
1030

5110
3833
3066
2555
2190
1917
1705
1533
1394

Table 12: Using the Individual Baud Input Rate for Resource Management at each of the nine Total Baud Input Rates in the
appropriate equations developed by Shannon, Hick-Hyman and Fitts incorporated into the HOIM will provide the parameters
for the Resource Management Task at each Baud Rate. Shown above is the Total Volume Capacity, Starting Volume, Lower
Limit and Upper Limit for Resource Management for each of the nine Baud Input Rates
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After computing the calculations shown above for the event rates with respect to
system monitoring, communications, resource management, and targeting we were able
to implement these attributes into the AF-MATB program operating in IT mode. These
attributes were programmed to allow for variation in the number of events that occurred
with respect to the total baud input rate. Shown below is a summary table depicting all
the variables associated for each task and the corresponding baud input rate:
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Baud
Rate

# of
Events
(LIGHTS)

ISI
(sec)

Baud
Input
(LIGHTS)

# of
Events
(DIALS)

ISI
(sec)

Baud
Input
(Dials)

# of Events
(COMMS)

ISI
(sec)

Baud Input
(COMMS)

𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇

Starting
Volume

Upper
Limit

Lower
Limit

ISI
(sec)

Baud Input
(Resources)

Cursor
Velocity

ISI
(sec)

Baud Input
(Targeting)

0.6

12

20

0.050

12

20

0.100

6

38

0.150

8888

4444

5110

3777

6.67

0.150

0.9 – 1.1

10.5

0.150

0.8

16

15

0.067

16

15

0.133

8

28.5

0.200

6666

3333

3833

2833

5

0.200

1.2 – 1.4

7.9

0.200

1.0

20

12

0.083

20

12

0.167

11

22.8

0.250

5334

2667

3066

2266

4

0.250

1.5 – 1.7

6.32

0.250

1.2

24

10

0.100

24

10

0.200

13

19

0.300

4444

2222

2555

1888

3.33

0.300

1.8 – 2.0

5.27

0.300

1.4

28

8.57

0.117

28

8.57

0.233

15

16.3

0.350

3810

1905

2190

1620

2.86

0.350

2.1 – 2.3

4.51

350

1.6

32

7.5

0.133

32

7.5

0.267

17

14.3

0.400

3333

1666

1917

1417

2.5

0.400

2.4 – 2.6

3.95

0.400

1.8

36

6.67

0.150

36

6.67

0.300

19

12.7

0.450

2964

1482

1705

1260

2.22

0.450

2.7 – 2.9

3.51

0.450

2.0

40

6

0.167

40

6

0.333

21

11.4

0.500

2666

1333

1533

1133

2

0.500

3.0 – 3.2

3.16

0.500

2.2

44

5.45

0.183

44

5.45

0.367

23

10.4

0.550

2424

1212

1394

1030

1.82

0.550

3.3- 3.5

2.87

0.550

Table 13: Summary of All Event Rates for System Monitoring, Communications, Resource Management and Targeting when the Multi-Attribute Task Battery (MATB) is
equally weighted
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8 Results
The results for the study are divided up into four different sections: overall total
baud output and throughput, individual task components baud output and throughput,
personal characteristics and mood modifications.

8.1 Overall Total Baud Output
There was a statistical significance in baud output (𝛽𝛽𝑜𝑜 ) between the anodal and

sham tDCS groups for all nine of the baud input rates (p = 0.0005) (see Figure 16). As
well, the means for the anodal tDCS group were higher than those of the sham group at
each of the baud rates with a range of 17% to 27% more efficient. It does appear that the
overall total baud output appears to be approaching an asymptote as the baud input rate
increases. These finding suggests that a “multitasking throughput capacity” is present
towards the higher baud input rates, however the implementation of anodal tDCS allowed
the operator to process information and respond more accurately compared to the sham
tDCS group. The comparisons at each of the nine baud input rates achieved statistical
significance with a p-value less than alpha (α < 0.05) which is depicted in table 14.
The information throughput (𝛽𝛽̅ ) percentage was statistically higher for the anodal

tDCS group compared to the sham tDCS group at each baud rate with a p-value less than
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0.05 (see Figure 16). Although as the task difficulty increased and information
throughput declined, the anodal group was between 11% and 17% more efficient
compared to the sham tDCS group throughout the duration of the study. The means and
p-values for each of the baud input rates for the two groups can be found in table 14.

Figure 16: The top plot displays the overall Baud Output (𝜷𝜷𝑶𝑶 ) for the Anodal tDCS and Sham tDCS Groups. The
Baud Output is the amount of information the human operator is able to adequately interpret and respond. The
� ) for the Anodal tDCS and Sham tDCS Groups. The Overall
bottom plot displays the Overall Throughput Capacity (𝜷𝜷
Throughput Capacity is the percent efficiency during the individual Baud Input Rates.
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Anodal
BO (bits/s) Throughput (%)
BIN
(bits/s) Mean SEM Mean SEM
0.6 0.543 0.005 89.3
0.8
0.8 0.700 0.007 87.0
0.9
1.0 0.853 0.019 83.3
1.8
1.2 0.943 0.020 77.0
1.7
1.4 1.053 0.024 74.2
1.7
1.6 1.115 0.025 69.0
1.6
1.8 1.208 0.036 66.4
2.0
2.0 1.287 0.042 64.1
2.1
2.2 1.279 0.047 58.1
2.1

Sham
Two-Tailed
BO (bits/s) Throughput (%) Two-Sample t-test Cohen's
Mean SEM Mean SEM DF
t
p
d
0.462 0.018 75.9
2.9 10.2 4.43 0.0012 2.09
0.558 0.023 69.4
2.9 10.6 5.86 0.0001 2.76
0.675 0.039 65.9
3.9 12.9 4.08 0.0013 1.92
0.761 0.047 62.1
3.8 12.3 3.56 0.0038 1.68
0.827 0.044 58.3
3.1 18.0 4.53 0.0003 2.13
0.902 0.049 55.8
3.0 18.0 3.87 0.0011 1.83
0.956 0.059 52.5
3.3 18.0 3.63 0.0019 1.71
1.037 0.070 51.6
3.5 18.0 3.05 0.0069 1.44
1.031 0.057 46.8
2.6 18.0 3.34 0.0037 1.57

Table 14: Comparison of Anodal and Sham tDCS Groups at each Baud Rate displaying the overall Baud Output (𝜷𝜷𝑶𝑶 ) and
� ) mean for each group. A two-tailed two-sample t-test was performed depicting the statistical
Throughput Capacity (𝜷𝜷
significance between the Anodal and Sham tDCS Groups at each Baud Input Rate

8.2 Individual Task Components Baud Output
The systems monitoring component consisted of two subtasks which included
lights and dials. The results provided evidence that anodal tDCS significantly increased
the baud output (𝛽𝛽𝑜𝑜 ) and information throughput (𝛽𝛽̅ ) percentage compared to the sham
tDCS group (see figure 17). Each of the nine baud input rates displayed a significant
difference with a p-value less than 0.05.

The communication component provided evidence that suggests that the baud
output (𝛽𝛽𝑜𝑜 ) and the information throughput (𝛽𝛽̅ ) percentage were significantly higher for
the anodal tDCS group compared to the sham tDCS group only when the baud input

(𝛽𝛽𝐼𝐼𝐼𝐼 ) rate was 1.4 bits/s (see Figure 18). At every other baud input rate (𝛽𝛽𝐼𝐼𝐼𝐼 ) the anodal
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tDCS group was higher than the sham tDCS group, however it was not statistically
significant. This may be a result of the complexity of this task.

During the targeting task, the human operator was responsible for continuously
applying force to a joystick in order to keep the green cursor within the larger yellow
circle. As the baud input rate (𝛽𝛽𝐼𝐼𝐼𝐼 ) increased, the cursor velocity increased making it

more challenging to correct for the large deviations in the green cursors movement. As a
result, the findings provided evidence that anodal tDCS significantly improved the baud
output (𝛽𝛽𝑜𝑜 ) and information throughput (𝛽𝛽̅ ) percentage at the earlier baud input rates (i.e.
0.6 and 0.8 bits/s) but not at the later baud inputs compared to the sham tDCS group (see
Figure 19). It is important to note that the anodal tDCS group displayed a greater baud
output (𝛽𝛽𝑜𝑜 ) and information throughput (𝛽𝛽̅ ) percentage throughout the entire task,

however there was only statistically significance at the 0.6 and 0.8 baud input rates (pvalue < 0.05).

The resource management component is a vigilance based task that required the
human operator to continuously turn on and off reservoir tank valves in order to maintain
a predetermined guideline setting. The findings provided evidence that a lower baud
input rates (i.e. 0.6, 0.8, 1.0, 1.2, 1.4 and 1.6 bits/s) the anodal tDCS group displayed a
statistical significant difference compared to the sham tDCS group (p-value < 0.05) (see
Figure 20). For the last three baud input rates, the anodal tDCS group was higher in baud
output and information throughput percentage however it was not statistically significant.
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The means, standard deviations and the p-values for each comparison of the
individual components can be found in table 15.

Figure 17: The top plot displays the System Monitoring Baud Output (𝜷𝜷𝑶𝑶 ) for the Anodal tDCS and Sham tDCS
Groups. The Baud Output is the amount of information the human operator is able to adequately interpret and
� ) for the Anodal tDCS Group and
respond. The bottom plot displays the System Monitoring Throughput Capacity (𝜷𝜷
Sham tDCS Group. The Throughput Capacity is the percent efficiency during the individual Baud Input Rates
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Figure 18: The top plot displays the Communication Baud Output (𝜷𝜷𝑶𝑶 ) for the Anodal tDCS and Sham tDCS Groups.
The Baud Output is the amount of information the human operator is able to adequately interpret and respond.
� ) for the Anodal tDCS Group and Sham tDCS
The bottom plot displays the Communication Throughput Capacity (𝜷𝜷
Group. The Throughput Capacity is the percent efficiency during the individual Baud Input Rates
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Figure 19: The top plot displays the Targeting Baud Output (𝜷𝜷𝑶𝑶 ) for the Anodal tDCS and Sham tDCS Groups. The
Baud Output is the amount of information the human operator is able to adequately interpret and respond. The
� ) for the Anodal tDCS Group and Sham tDCS Group. The
bottom plot displays the Targeting Throughput Capacity (𝜷𝜷
Throughput Capacity is the percent efficiency during the individual Baud Input Rates
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Figure 20: The top plot displays the Resource Management Baud Output (𝜷𝜷𝑶𝑶 ) for the Anodal tDCS and Sham tDCS
Groups. The Baud Output is the amount of information the human operator is able to adequately interpret and
� ) for the Anodal tDCS Group
respond. The bottom plot displays the Resource Management Throughput Capacity (𝜷𝜷
and Sham tDCS Group. The Throughput Capacity is the percent efficiency during the individual Baud Input Rates
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Anodal
B
(bits/s)
Throughput (%)
O
Dependent
BIN
(bits/s) Mean SEM Mean SEM
Variable
0.6 0.127 0.006 84.7
4.2
0.8 0.163 0.009 81.5
4.4
1.0 0.209 0.010 83.7
3.9
1.2 0.229 0.013 76.4
4.5
System
1.4 0.258 0.017 73.8
4.7
Monitoring
1.6 0.294 0.013 73.4
3.2
1.8 0.327 0.017 72.7
3.7
2.0 0.374 0.022 74.8
4.4
2.2 0.390 0.021 70.9
3.9
0.6 0.138 0.003 96.7
2.2
0.8 0.188 0.002 98.8
1.2
1.0 0.249 0.008 95.5
3.1
1.2 0.280 0.009 90.8
3.0
Communication 1.4 0.333 0.008 93.3
2.2
1.6 0.359 0.011 88.8
2.8
1.8 0.401 0.017 88.9
3.8
2.0 0.425 0.019 85.2
3.9
2.2 0.399 0.032 73.0
5.9
0.6 0.156 0.003 94.2
1.6
0.8 0.198 0.004 92.6
1.7
1.0 0.225 0.009 85.6
3.3
1.2 0.242 0.008 76.4
2.7
Targeting
1.4 0.258 0.009 71.4
2.6
1.6 0.248 0.014 60.3
3.4
1.8 0.255 0.017 54.6
3.7
2.0 0.256 0.018 50.4
3.6
2.2 0.242 0.018 43.5
3.2
0.6 0.122 0.005 81.5
3.0
0.8 0.151 0.006 75.4
3.1
1.0 0.170 0.006 67.9
2.5
1.2 0.191 0.006 63.9
2.0
Resource
1.4
0.204
0.009
58.1
2.5
Management
1.6 0.214 0.009 53.5
2.2
1.8 0.224 0.010 49.8
2.3
2.0 0.231 0.007 46.3
1.4
2.2 0.248 0.008 45.1
1.4

Sham
Two-Tailed
BO (bits/s) Throughput (%) Two-Sample t-test Cohen's
Mean SEM Mean SEM DF
t
p
d
0.094 0.012 62.8
7.8 18.0 2.49 0.0230 1.17
0.109 0.013 54.4
6.5 18.0 3.47 0.0027 1.64
0.127 0.017 50.8
6.9 18.0 4.11 0.0007 1.94
0.146 0.018 48.7
6.0 18.0 3.70 0.0017 1.74
0.175 0.017 50.0
4.8 18.0 3.53 0.0024 1.67
0.195 0.021 48.9
5.3 18.0 3.98 0.0009 1.87
0.213 0.028 47.3
6.2 18.0 3.51 0.0025 1.66
0.250 0.036 49.9
7.2 18.0 2.93 0.0090 1.38
0.255 0.040 46.4
7.2 18.0 3.01 0.0076 1.42
0.131 0.010 91.7
6.7 11.0 0.71 0.4929 0.33
0.166 0.011 87.5
5.9
9.8 1.87 0.0919 0.88
0.207 0.024 79.1
9.3 11.0 1.67 0.1232 0.79
0.247 0.029 80.0
9.5 10.8 1.08 0.3018 0.51
0.257 0.029 72.0
8.0 10.4 2.57 0.0272 1.21
0.299 0.041 74.1 10.1 10.4 1.40 0.1908 0.66
0.306 0.050 67.9 11.2 11.1 1.79 0.1016 0.84
0.333 0.065 66.7 12.9 10.6 1.38 0.1972 0.65
0.328 0.063 60.0 11.5 18.0 1.01 0.3250 0.48
0.146 0.004 88.1
2.1 18.0 2.32 0.0324 1.09
0.178 0.007 83.2
3.2 18.0 2.62 0.0172 1.24
0.202 0.011 77.0
4.2 18.0 1.62 0.1227 0.76
0.214 0.012 67.8
3.7 18.0 1.90 0.0736 0.90
0.223 0.016 61.9
4.5 18.0 1.85 0.0808 0.87
0.224 0.021 54.3
5.1 18.0 0.98 0.3386 0.46
0.236 0.022 50.4
4.7 18.0 0.71 0.4888 0.33
0.239 0.029 46.9
5.8 18.0 0.50 0.6222 0.24
0.222 0.031 40.0
5.5 18.0 0.55 0.5862 0.26
0.091 0.006 60.8
4.1 18.0 4.07 0.0007 1.92
0.105 0.009 52.5
4.4 18.0 4.26 0.0005 2.01
0.139 0.007 55.6
2.8 18.0 3.26 0.0044 1.54
0.154 0.009 51.2
2.9 18.0 3.58 0.0021 1.69
0.172 0.010 48.9
3.0 18.0 2.34 0.0307 1.11
0.184 0.008 46.0
2.1 18.0 2.49 0.0227 1.17
0.201 0.009 44.6
2.1 18.0 1.65 0.1172 0.78
0.216 0.014 43.1
2.7 18.0 1.02 0.3210 0.48
0.226 0.010 41.1
1.9 18.0 1.73 0.1016 0.81

Table 15: Comparison of Anodal and Sham tDCS Groups at each Baud Rate displaying the overall Baud Output (𝜷𝜷𝑶𝑶 ) and
� ) mean for each group focusing on each individual task of the Multi-Attribute Task Battery (MATB). A
Throughput Capacity (𝜷𝜷
two-tailed two-sample t-test was performed depicting the statistical significance between the Anodal and Sham tDCS Groups
at each Baud Input Rate for each individual task
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8.3 Personal Characteristics
One of the questions we wanted to determine during this research study was if
there was a correlation between personal characteristics and multitasking throughput
performance. To determine this information, an individual differences questionnaire (see
Appendix) was provided to each participant on their first day. This questionnaire was
implemented to determine personal characteristics such as gender, caffeine consumption
and whether or not the participant was an avid video game player. In single task
operations, these characteristics have been correlated to a higher overall performance
during cognitive testing (109, 110, 111).

The findings display that there does not appear to be a significant effect of gender,
caffeine consumption and video game player on multitasking throughput performance
(Figure 21). Although, it is important to note that there were four males participants in
the anodal tDCS group which were gamers and caffeine drinkers that had relatively high
overall baud output compared to other group characteristics. This might provide
underlying evidence that males which play video games and drink caffeine have a greater
cognitive enhancement during a multitasking environment when provided with 2mAs of
anodal tDCS. However, the study would need to be replicated with a larger sample size
equally divided among personal characteristics to properly make a conclusion.
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Figure 21: Scatter Plot depicting Personal Characteristics displaying the Anodal tDCS and Sham tDCS in relation to
Gender (male/female), Caffeine (caffeine/no caffeine) and Video Game Player (gamer/not gamer)

8.4 Mood Modifications

Previous research studies have provided statistical evidence that transcranial
direct current stimulation (tDCS) augmented and enhanced mood rating scores for
participants suffering from major depressive disorder (112, 113, 114). However, there
have been minimal studies conducted to date evaluating mood enhancement with healthy
controlled participants during a multitasking environment. Therefore, we are expecting
to determine if administering 2mAs of tDCS during a high level multitasking
environment has an effect on mood for healthy participants. To determine this answer,
we provided each participant with a mood questionnaire before and after their testing
session (see Appendix). The questionnaire consists of 15 questions with two terms per
question. Each term described an emotion (i.e. happy/sad). A seven point scale was
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between each term and the participant would select the point on the scale in which their
current mood relates. The findings displayed that there were no statistical mood
modifications between the anodal and sham tDCS groups.

One question we were extremely interested in was the effect of tDCS on fatigue,
particularly during a high level multitasking environment. Depicted below is a scatter
plot for displaying the change between fatigued and energized for both tDCS groups (see
Figure 22). The scatter plot shows the value for each subject identified by their gender,
caffeine consumption and if they are a gamer. There are some combinations of gender,
caffeine consumption and gamer where there are no subjects for the category. It is not
reasonable to ignore these potential explanatory factors to force a statistical comparison
of gender, caffeine consumption and gamer by themselves. Therefore, there was no
statistical significance between groups, however the sham tDCS group appears to be
more fatigued compared to the anodal tDCS group following their testing session. Seven
of the ten participants in the anodal tDCS group either felt the same energy level or an
enhancement compared to four of the ten for the sham tDCS group. As well, the average
change in energy level for the sham tDCS group was -1.1 compared to -0.1 for the anodal
tDCS group. The p-value for the group comparisons was p=0.0676 with a cohen’s d or
0.92. A larger sample size would be needed to determine if there is statistical
significance between groups, although the findings we provided displays that tDCS could
possibly improve or sustain energy levels during a multitasking environment.
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Figure 22: Scatter Plot depicting Mood Changes (Fatigued/Energized) for the Anodal tDCS and Sham tDCS Group.
The plot displays a percent change from baseline considering the mood questionnaire before testing as
the baseline and the questionnaire after testing as the mood modification
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9 Discussion

The ability for a human operator to process and respond to critical information
has been a major concern for industry, commercial and military setting for the past
several decades. The amount of information that needs to be continuously interpreted
and processed can weigh heavily on the cognition of the human operator resulting in the
depletion of cognitive resources. Once the allocated resources have been depleted, the
human operator will begin to miss critical targets and reaction times will degrade. As
Miller noted in 1956, when information throughput becomes too complex and
overwhelming a channel capacity will occur. We noticed in our finding from this study
that a multitasking throughput capacity was present towards the latter stages of the baud
input rates. However, the group that received anodal tDCS was able to surpass the
multitasking throughput capacity asymptote that was present with the sham tDCS which
resulted in improved performance and information throughput capability. Therefore, the
study provides significant findings that anodal tDCS could be implemented as a
countermeasure to augment human processing capabilities and improve multitasking
performance.

Transcranial direct current stimulation (tDCS) has readily become a key
countermeasure in augmenting and improving cognition in single task operations.
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However, to date there is very little research that has been conducted evaluating the
effects of tDCS in a multitasking environment. One study that was found detailed that
administering anodal tDCS to the left dorsolateral prefrontal cortex (lDLPFC) during a
3D video game simulation improved multitasking performance [115]. Although, the
findings from this study noted that the performance enhancement did not occur until the
later stages of the task stating that there appeared to be a delayed effect when receiving
tDCS while multitasking. In this study, we found an immediate effect when applying
2mA of anodal tDCS during the Multi-Attribute Task Battery (MATB) which last for the
duration of the task. As well, the tasks which consisted primarily of vigilance (i.e.
system monitoring and resource management) displayed the greatest enhancement
compared to the other tasks (i.e. communications and targeting). Therefore, the effects of
tDCS may be more defined towards vigilance based multitasking scenarios. Future
research needs to be conducted to determine to what extent tDCS could modulate
performance in different multitasking conditions.

The multi-attribute task battery (MATB) was implemented in this research study
because of its complexity and real-world environment setting. The MATB program
required the human operator to monitor and respond to four separate tasks
simultaneously. The four tasks consisted of system monitoring, communications,
targeting and resource management. Each of these tasks are similar to what you would
find in a cockpit of an airplane, therefore providing a realistic scenario that our active
duty military personnel may endure. The tasks require a high level of vigilance to
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perform the task effectively. Following each four minute testing segment, the number of
events increased resulting in a greater amount of information that needs to be processed.

The multitasking performance metrics were evaluated using the human operator
informatic model (HOIM) to determine if transcranial direct current stimulation could
improve human operator multitasking capabilities. The findings provided new evidence
that 2mA of anodal tDCS for a duration of 30 minutes over the left dorsolateral prefrontal
cortex enhanced the operators’ information processing capability resulting in higher
information throughput and overall performance, especially in the vigilance based tasks.
Although, there still appears to be a multitasking throughput capacity present at the
higher baud input rates. However, with the implementation of anodal tDCS this
multitasking throughput capacity asymptote was elevated compared to the sham tDCS.
These results are analogous to previous research studies conducted evaluating vigilance,
working memory, sustained attention and visual search detection accuracy which are
linked with multitasking performance [116].

With the world become more complex and the amount of information needing to
be processed becoming overwhelming to the human operator, multitasking capabilities
are readily become more critical during everyday activities. The findings from this study
provided the research community with new evidence that tDCS could be the most
efficient and safety countermeasure to improve multitasking performance.
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10 Future Work

This dissertation research has provided fundamental evidence that transcranial
direct current stimulation (tDCS) can improve multitasking throughput capacity resulting
in an improved performance during MATB. Nine different baud input rates (𝛽𝛽𝐼𝐼𝐼𝐼 ) were

evaluated, at each of the nine levels the anodal tDCS group performed statistically higher

than the sham tDCS group. However, towards the higher baud input rates the
performance for both groups appeared to reach a multitasking throughput capacity
asymptote. Although, this asymptote was never fully reached. Future work needs to be
conducted to replicate the findings and determine if tDCS could enhance performance
with a larger range of baud input rates and at what point this asymptote will occur during
the MATB task.

As well, it would beneficial to conduct another study to determine the longevity
of the effects of tDCS. If the participants would have come back for additional testing
the day following their stimulation session, would there still be a cognitive enhancement
as a result from the brain stimulation? It has been noted that administering 2mA of tDCS
has displayed a cognitive enhancement for several hours during a single task operation.
Would this enhancement differ in a multitasking environment?
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The findings from this study have provided ground breaking evidence depicting
the effects of tDCS during a multitasking environment. Moreover, this is just the
beginning and future research needs to be conducted to determine how to optimize the
human operator’s throughput capacity while multitasking.
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& Fregni, F. (2007). Activation of Prefrontal Cortex by Transcranial Direct
Current Stimulation Reduces Appetite for Risk during Ambiguous Decision
Making. The Journal of Neuroscience, 27, 6212-6218.

[43]

Fregni, F., Boggio, P.S., Nitsche, M., Bermpohl, F., Antal, A., Feredoes, E., &
Pascual-Leone, A. (2005). Anodal Transcranial Direct Current Stimulation of
Prefrontal Cortex Enhances Working Memory. Experimental Brain Research,
166(1), 23-30.

[44]

Clark, V.P., Coffman, B.A., Mayer, A.R., Weisend, M.P., Lane, T.D., & Calhoun,
V.D. (2012). tDCS Guided using fMRI significantly Accelerates Learning to
Identify Concealed Objects. NeuroImage, 59, 117-128.

[45]

Nitsche, M.A., Schauenburg, A., Lang, N., Liebetanz, D., Exner, C., Paulus, W.,
& Tergau, F. (2003). Facilitation of Implicit Motor Learning by Weak
Transcranial Direct Current Stimulation of the Primary Motor Cortex in the
Human. Journal of Cognitive Neuroscience, 15(4), 619-626.

[46]

Loo, C.K., & Martin, D.M. (2012). Could Transcranial Direct Current Stimulation
have Unexpected Additional Benefits in the Treatment of Depressed Patients?
Expert Review of Neurotherapeutics, 12(7), 751.

[47]

Sherwood, L. (2001). Human Physiology: From Cells to System 4th ed. Pacific
Grove, California: Brooks/Cole.

[48]

http://news.emory.edu/stories/2012/07/new_gene_linked_with_familial_ALS_
critical_for_axon_growth

[49]

Miller, J., Berger, B., & Sauseng, P. (2015). Anodal Transcranial Direct Current
Stimulation (tDCS) Increases Frontal-Midline Theta Activity in the Human EEG:
A Preliminary Investigation of Non-Invasive Brain Stimulation. Neuroscience
Letters, 58(8), 114-119.

[50]

Caytak, H., Shapiro, D., Borisenko, A., & Bolic, M. (2015). Outside Access:
Advances in tDCS could provide a Mainstream Clinical Tool for Noninvasive
Neuromodulation. IEEE Pulse, 6(2), 21-24.

[51]

Roy, L.B., Sparing, R., Fink, G.R., & Hesse, M.D. (2015). Modulation of
Attention Functions by Anodal tDCS on Right PPC. Neuropsychologia, 7(4), 96107.

107 | P a g e

[52]

Richmond, L.R. (2014). Transcranial Direct Current Stimulation Enhances Verbal
Working Memory Training Performance Over Time and Near Transfer Outcomes.
Journal of Cognitive Neuroscience, 26(11), 2443-2454.

[53]

Prichard, G., Weiller, C., Fritsch, B., & Reis, J. (2014) Transcranial Direct
Current Stimulation (tDCS)/Transcranial Alternating Current Stimulation (tACS):
Effects of Different Electrical Brain Stimulation Protocols on Subcomponents of
Motor Skill Learning. Brain Stimulation, 7, 532-540.

[54]

Coslett, B., Hamilton, R., Olma, M.C., Kraft, A., Roehmel, J., Irlbacher, K., &
Brandt, S.A. (2011). Excitability Changes in the Visual Cortex Quantified with
Signal Detection Analysis. Restorative Neurology & Neuroscience, 29(6), 453461.

[55]

Robertson, J.A., Thomas, A.W., Prato, F.S., Johansson, M., & Nittby, H. (2014).
Simultaneous fMRI and EEG during the Multi-Source Inference Task. Plos ONE,
9(12), 1-12.

[56]

Takeuchi, H., Taki, Y., Nouchi, R., Hashizume, H., Sekiguchi, A., Kotozaki, Y.,
Nakagawa, S., Miyauchi, C.M., Sassa, Y., & Kawashima, R. (2014). Effects of
Multitasking-Training on Gray Matter Structure and Resting State Neural
Mechanisms. Human Brain Mapping, 35(8), 3, 646-660.

[57]

Cook, C. (2008). An Exploration of the Neural Control of Multitasking and the
Implications for Practice. The British Journal of Occupational Therapy, 71(6),
241-247.

[58]

Ramsey, N.F., Jansma, J.M., Jager, G., Van Raalten, T., & Kahn, R.S. (2004).
Neurophysiological Factors in Human Information Processing Capacity. Brain,
127(3), 517-525.

[59]

Burgess, P.W. (2000). Strategy Application Disorder: The Role of the Frontal
Lobes in Human Multitasking. Psychological Research, 63(3/4), 279.

[60]

Hart, S. (2008). Brain, Attachment, Personality: An Introduction to
Neuroaffective Development. London: Karnac, 2008.

[61]

http://www.psych-it.com.au/Psychlopedia/article.asp?id=191

[62]

Opitz, B., Mecklinger, A., & Friederici, A.D. (2000). Functional Asymmetry of
Human Prefrontal Cortex: Encoding and Retrieval of Verbally and Nonverbally
Coded Information. Learning & Memory, 7(2), 85-96.

[63]

Solovey, E.T., Lalooses, F., Chauncey, K., Weaver, D., Parasi, M., Scheutz, M.,
Sassaroli, A., Fantini, S., Schermerhorn, P., Girouard, A., & Jacob, R.J. (2011).
108 | P a g e

Sessing Cognitive Multitasking for a Brain-Based Adaptive User Interface.
Proceedings of the 2011 Annual Conference: Human Factors in Computing
Systems, 383.
[64]

Wilson, G., Lambert, J., & Russell, C. (2000). Performance Enhancement with
Real-Time Physiologically Controlled Adaptive Aiding. Proceedings of the
Human Factors and Ergonomics Society Annual Meeting, 44(13), 61.

[65]

Mracek, D.L., Arsenault, M.L., Day, E.A., Hardy, J.I., & Terry, R.A. (2014). A
Multilevel Approach to Relating Subjective Workload to Performance after Shifts
in Task Demand. Human Factors, 56(8), 1401-1413.

[66]

Inoue, S., Furuta, K., Nakata, K., Kanno, T., Aoyama, H., & Brown, M. (2012).
Cognitive Process Modeling of Controllers in En Route Air Traffic Control.
Ergonomics, 55(4), 450-464.

[67]

Johnson, A., & Widanti, A. (2011). Cultural Influences on the Measurement of
Subjective Mental Workload. Ergonomics, 54(6), 509-518.

[68]

Mazloumi, A., Kumashiro, M., Izumi, H., & Higuchi, Y. (2010). Examining the
Influence of Different Attentional Demand and Individual’s Cognitive Failure on
Workload Assessment and Psychological Functioning. International Journal of
Occupational Hygiene, 2(1), 17-24.

[69]

Harvanko, A.M., Derbyshire, K.L., Schreiber, L.N., & Grant, J.E. (2015). The
Effect of Self-Regulated Caffeine Use on Cognition in Young Adults. Human
Psychopharmacology: Clinical & Experimental, 30(2), 123-130.

[70]

Chen, L., Wu, Y., Neelakantan, N., Chong, M.F., Pan, A., & Van Dam, R.M.
(2014). Maternal Caffeine Intake during Pregnancy is Associated with Risk of
Low Birth Weight: A Systematic Review and Dose-Response Meta-Analysis.
BMC Medicine, 12, 174.

[71]

Rudolph, E., Faerbinger, A., & Koenig, J. (2014). Caffeine Intake from All
Sources in Adolescents and Young Adults in Austria. European Journal of
Clinical Nutrition, 68(7), 793-798.

[72]

Nawrot, P., Jordan, S., Eastwood, J., Rotstein, J., Hugenholtz, A., & Feeley, M.
(2003). Effects of Caffeine on Human Health. Food Additives and Contaminants,
20(1), 1-30.

[73]

Benowitz, N.L. (1990). Clinical Pharmacology of Caffeine. Annual Review of
Medicine, 4(1), 277-288.

109 | P a g e

[74]

McIntire, L.K., McKinley, R.A., Goodyear, C., & Nelson, J. (2014). A
Comparison of the Effects of Transcranial Direct Current Stimulation and
Caffeine on Vigilance and Cognitive Performance during Extended Wakefulness.
Brain Stimulation, 7(4), 499.

[75]

Duncan, M.J., Tallis, J., Wright, S.L., Eyre, E.J., Bryant, E., & Langdon, D.
(2014). The Effect of Acute Caffeine Ingestion on Coincidence Anticipation
Timing in Younger Adults. Nutritional Neuroscience, 17(5), 234-238.

[76]

Martin, D., Liu, R., Alonzo, A., Green, M., & Loo, C. (2014). Use of Transcranial
Direct Current Stimulation (tDCS) to Enhance Cognitive Training: Effect of
Timing of Stimulation. Experimental Brain Research, 232(10), 33-45.

[77]

Berryhill, M.E., & Jones, K.T. (2012). tDCS Selectively Improves Working
Memory in Older Adults with More Education. Neuroscience Letters, 521(2),
148-151.

[78]

Hoy, K.E., Emonson, M.R., Arnold, S.L., Thomson, R.H., Daskalakis, Z.J., &
Fitzgerald, P.B. (2013). Testing the Limits: Investigating the Effect of tDCS Dose
on Working Memory Enhancement in Healthy Controls. Neuropsychologia,
51(9), 1777- 1784.

[79]

Schicktanz, N., Fastenrath, M., Milnik, A., Spalek, K., Auschra, B., Nyffeler, T.,
Papassotiropoulos, A., De Quervain, D., & Schwegler, K. (2015). Continuous
Theta Burst Stimulation over the Left Dorsolateral Prefrontal Cortex Decreases
Medium Load Working Memory Performance in Healthy Humans. Plos ONE,
10(3), 1-10.

[80]

Shen, J., Zhang, G., Yao, L., & Zhao, X. (2015). Real-Time fMRI TrainingInduced Changes in Regional Connectivity Mediating Verbal Working Memory
Behavioral Performance. Neuroscience, 28(9), 144-152.

[81]

Pochon, J.B., Levy, R., Poline, J.B., Crozier, S., Lehé ricy, S., Pillon, B., Bihan,
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Appendix A: Informed Consent Document
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Brian Tabares/2d Lt, Associate Psychologist, Applied Neuroscience
Branch/711HPW/RHCP, 937-938-3699, brian.tabares.1@us.af.mil
Nathaniel Bridges/CTR/Biomedical Engineer, Applied Neuroscience
Branch/711HPW/RHCP, 937-938-3610, nathaniel.bridges.1.ctr@us.af.mil
Ryan Schilling/CTR/Student Intern, Applied Neuroscience
Branch/711HPW/RHCP, 937-938-3642, ryan.schilling.2.ctr@us.af.mil
Mary Shia/CTR/Administration Support, Applied Neuroscience
Branch/711HPW/RHCP, 937-938-3642, mary.shia.ctr@us.af.mil
Dr. Chandler Phillips/Professor/Biomedical Engineer, Wright State
University, 937-775-5067, chandler.phillips@wright.edu
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1) Nature and Purpose: You have been offered the opportunity to participate in the
“Effects of Transcranial Direct Current Stimulation (tDCS) on Information
Processing while performing Multi-Attribute Task Battery (MATB)” research study.
Your participation will occur at the Wright-Patterson Air Force Base Non-Invasive
Brain Stimulation Laboratory.
The purpose of this research study is to determine if transcranial direct current
stimulation (tDCS) improves vigilance performance during a multi-task paradigm.
The tDCS technology uses two electrodes, one placed on the head over the
dorsolateral prefrontal cortex (DLPFC) and one on the contralateral upper arm. A
very small current (2.0mA) is passed through the electrodes of which approximately
5% of the current passing into the underlying brain tissue. The remainder of the
current is dispersed through the skin and bone. The current increases activity in the
underlying brain area by making it easier for neurons to fire.
In our previous research, we found that this technology extended the amount of time
the research participants could perform a cognitive task without a decline in
performance by approximately 200%. However, the previous research studies
focused on a single cognitive task. In this experiment, we will be evaluating the
effects of tDCS using a multitasking program known as multi-attribute task battery
(MATB).
2) Experimental Procedures: No research activates will start until you have read this
informed consent document and had all of your questions answered. Only then will
we ask you if you wish to participate in this research study. If you do, we will ask
you to sign this consent form in the presence of the advising investigator as well as
another witness. You will then be asked to compete the following procedures:
Visit 1: (1-2 hours) The day of the study, you will come into the laboratory and fill
out the proper paperwork. You will then review the consent form. If you decide to
participate in the study, you will first need to complete the Medical Screening,
Individual Differences, and Mood Questionnaires. The medical screening form will
ask you questions regarding your personal health. After this is completed, you will
receive a verbal briefing that describes the multi-attribute task battery (MATB) that
you will be performing followed by your first training session. The training session
will have a duration of 36 minutes. Training will be conducted on their first day
which allows the participants to become familiar with the MATB program and
difficulty level. The objective of training is to reach a performance asymptote for the
MATB program for each participant. If a performance asymptote is not observed, the
participant will not continue in the study.
This experiment is designed to provide an intervention to those who can’t maintain
efficient performance over a long period of time during a multitasking paradigm. If
you do not have a performance decrement while performing the task, you will not be
asked to complete the remaining procedures of the study. The performance data will
be analyzed to ensure there is a performance drop over time.
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Visit 2: (1-2 hours) On your next visit, you will again complete the multi-attribute
task battery (MATB) for a duration of 36 minutes. You will be randomly assigned a
subject number which correlates to an experimental stimulation type. Each
participant will complete the multi-attribute task battery (MATB) program while
receiving one of the three randomized stimulation levels (Anodal, Cathodal, Sham).
A circular array of small electrodes will be placed on your head over the dorsolateral
prefrontal cortex (DLPFC) and one on the contralateral upper arm. They will deliver
a very weak electrical current that may briefly give you a tingling, itchy, or warming
sensation. The sensation questionnaire will be implemented 30 seconds and 3
minutes after the stimulation starts to ensure their safety and comfort. As well, before
the stimulation begins you will complete the mood questionnaire. After finishing the
36 minute MATB program, you will be asked to fill out the mood questionnaire to
test for any changes in mood. Should this happen, you will be monitored until the
effects have subsided.
You are being asked to participate in this study because you are a healthy young
adult, are not pregnant, are not dependent on any chemical substances (including
nicotine), and have no history of any neurological disorder or psychiatric illness. You
cannot participate if you are pregnant or planning to become pregnant during the
study period, uncorrectable eye deficiencies (such as colorblindness), have experience
with the MATB program, motor deficiencies, as well if you currently take
prescription or over the counter medications which affect cognitive ability.
3) Discomfort and Risks:
Direct Current Stimulation
This procedure applies very small electrical direct current (DC) stimulation to the
brain. Our design includes an array of 5 round electrodes arranged in a circle on a
piece of foam. Although the electrodes used here have only been recently developed
and are different than those used in the majority of other tDCS research, they have
been shown to produce minimal sensation ratings (average 1.67) on an 11 point scale
(0 being no sensation and 10 being extreme discomfort). Participants also could not
tell the difference between the sham and active conditions.
Current tDCS safety standards pose minimal risk and no major incidents have been
reported for roughly 2000-3000 subjects worldwide. Repeated sessions of tDCS do
not have any increased frequency of side effects as compared to single day
stimulation as indicated by a neuropsychological test battery. No changes of the
tissues within the skull appeared while stimulating during brain imaging. A third
review also agreed that while healthy individuals and patients experience slightly
different sensations during stimulation, the stimulation is safe in both groups when
used in accordance with current safety guidelines.
Recently, we completed a study that used new electrode technology. We found that
these electrodes provided less sensation, less skin irritation, and improved comfort.
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We will be using these same electrodes in this experiment. The level of stimulation
we intend to use here falls well within current safety standards and no adverse effects
beyond mild skin sensation (i.e. itching, tingling, warming, etc.) are expected.
Furthermore, other researchers have found that current densities much higher dosages
than we will be using here do not induce brain damage, even when applied repeatedly
over several hours in animals.
1. Observed Risks
i.

Skin Damage or Irritation: There may be a slight risk of skin damage from
tDCS stimulation. In one case, there was redness reported at the site of the
electrode of two men who had recently shaved their heads. Outside of this
there are very few reports of skin damage or irritation. In a few cases,
subjects have reported minor skin damage (much like sunburn that may result
in a scab) or redness at the electrode site. When tDCS is started, there may be
a warming sensation on the scalp that typically disappears after a while. If the
warming sensation becomes a burning sensation, the tDCS procedure will be
immediately stopped. Your scalp will be visually inspected immediately
before and after stimulation. Any identified redness or irritation or evidence
of recent shaving of the head will postpone or terminate your participation in
the study. You will be encouraged at the beginning of the tDCS procedure to
report any pain or discomfort you may encounter throughout the procedure.
Any such reports, or evidence of redness or irritation of the scalp, will result
in immediate termination of stimulation.

ii.

Pain: With tDCS stimulation, most subjects report only mild, transient tingling
at the stimulation site resulting from tDCS. We will stop tDCS immediately if
any subject reports pain.

iii.

Headache and Nausea: It is possible that tDCS may result in a mild headache
(7.8% of healthy participants). More uncommon, the tDCS may yield nausea
as well (2.9% of healthy participants). If anyone reports headaches/nausea we
will immediately stop the tDCS. Should you report severe headache pain or
nausea, you will be examined by the research monitor or other qualified
medical personnel.

4) Precautions for female subjects or subjects who are or may become pregnant
during the course of this study: If you are female, you must read and sign the
Briefing Addendum for Female Subjects prior to making a decision to consent to
become a subject in this research study. If you are pregnant or may become pregnant
during the course of this study, you will be excluded from participation in this study.
5) Benefits: You are not expected to benefit directly from participation in this research
study.
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6) Compensation: If you are active duty military you will receive your normal active
duty pay. However, you can complete the AF Form 3902 “Application and Approval
for Off-Duty Employment” to receive compensation. This form requires a supervisor
signature. Likewise, active duty military subjects will need to be in an off-duty status
while they are actively participating in the study. Compensation is $20 per hour. All
other participants from the surrounding community (non-active duty volunteers) will
not be required to fill out the AF Form 3902 to receive compensation.
7) Alternatives: Choosing not to participate is an alternative to volunteering for this
study.
8) Entitlements and Confidentiality:
a. Records of your participation in this study may only be disclosed according to
federal law, including the Federal Privacy Act, 5 U.S.C. 552a, the Health
Insurance Portability and Accountability Act (HIPAA), and the Freedom of
Information Act, 5 U.S.C. Sec 522, and their implementing regulations when
applicable. Your personal information will be stored in a locked cabinet in an
office that is locked when not occupied. Electronic files containing your personal
information will be password protected and stored only on a secure server. It is
intended that the only people having access to your information will be the
researchers named above and this study’s Research Monitor or the Approved
Alternates, the AFRL Wright Site IRB, the Air Force Surgeon General’s Research
Compliance office, the Director of Defense Research and Engineering office or
any other IRB involved in the review and approval of this protocol. When no
longer needed for research purposes your information will be shredded. Complete
confidentiality cannot be promised, in particular for military personnel, whose
health or fitness for duty information may be required to be reported to
appropriate medical or command authorities. If such information is to be
reported, you will be informed of what is being reported and the reason for the
report.
b. Your entitlements to medical and dental care and/or compensation in the event of
injury are governed by federal laws and regulations, and that if you desire further
information you may contact the 711 HPW legal office (LtCol Teresa Barnes;
656-5666). In the event of a research related injury, you may contact the research
monitors, Maj Steven Rau at (937) 255-9350 or Maj Forrest Fornash at (937) 9383638.
c. If an unanticipated event occurs during your participation in this study, you will
be informed. If you are not competent at the time to understand the nature of the
event, such information will be brought to the attention of your next of kin or
other listed emergency contact.
Next of kin or emergency contact information:
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Name__________________________________

Phone#__________________

d. The decision to participate in this research is completely voluntary on your part.
No one may coerce or intimidate you into participating in this program. You are
participating because you want to. Dr. Andy McKinley, or an associate, will
answer any and all questions you have about this study, your participation, and
the procedures involved. Dr. Andy McKinley can be reached at (937) 938-3598.
Dr. McKinley or an associate will be available to answer any questions
concerning procedures throughout this study. If significant new findings develop
during the course of this research, which may relate to your decision to continue
participation, you will be informed. You may withdraw this consent at any time
and discontinue further participation in this study without prejudice to your
entitlements. The investigator or research monitor or an alternate of this study
may terminate your participation in this study if she or he feels this to be in your
best interest. If you have any questions or concerns about your participation in
this study or your rights as a research subject, please contact Kim London at (937)
656-5688 or kim.london.1@us.af.mil.
e. Personal Identifiable Information to be obtained for this study include medical
history information such as history of epilepsy, head injury, Alzheimer’s disease,
mental illness, drug use, current medications, eye conditions, etc. This
information will be reviewed by the research monitor (and the research monitor
alternatives) and investigator, and may be disclosed to the Air Force Research
Oversight and Compliance office if necessary. Signing this document in no way
alters your ability to obtain medical treatment that is not part of this study. Any
Private Health Information obtained in the course of this study may be used by the
investigator unless you revoke authorization to do so in writing. If your data is
disclosed by the investigator to one of the parties listed above, those parties may
pass on your data without further notification to you. Data collected in the course
of this study may be withheld from you by the investigator for the duration of the
study. If withheld, your data will be released at the conclusion of the study.
f. Your participation in this study will be photographed for inclusion in technical
presentations. Any release of records of your participation in this study may only
be disclosed according to federal law, including the Federal Privacy Act, and the
Freedom of Information Act, 5 USC 522, and its implementing regulations. This
means personal information will not be released to unauthorized source without
your permission. These recordings may be used for presentation or publication,
with your signed permission. They will be stored in a locked cabinet in a room
that is locked when not occupied. Only the investigators of this study will have
access to these media. They will be maintained for 3 years.
YOU ARE MAKING A DECISION WHETHER OR NOT TO PARTCIPATE.
YOUR SIGNATURE INDICTATES THAT YOU HAVE DECIDED TO
PARTICIPATE HAVING READ THE INFORMATION PROVIDED ABOVE.
Volunteer Signature__________________________________Date______________
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Volunteer Name (printed)_________________________________________
Advising Investigator Signature_________________________Date_____________
Investigator Name (printed)_________________________________________
Witness Signature_____________________________________Date_____________
Witness Name (printed)_____________________________________________
We may wish to present some photographs from this study at scientific conventions or
use photographs in journal publications. If you consent to the use of your image for
publication or presentation in a scientific or academic setting, please sign below.
Volunteer Signature____________________________________Date____________

Privacy Act Statement
Authority: We are requesting disclosure of personal information. Researchers are
authorized to collect personal on research subjects under The Privacy Act-5 USC 552a,
10 USC 55, 10 USC 8013, 32 CFR 219, 45 CFR Part 46, and EO 9397, November 1943.
Purpose: It is possible that latent risks or injuries inherent in this experiment will not be
discovered until some time in the future. The purpose of collecting this information is to
aid researchers in locating you at a future date if further disclosures are appropriate.
Routine Uses: Information may be furnished to Federal, State and local agencies for any
uses published by the Air Force in the Federal Register, 52 FR 16431, to include,
furtherance of the research involved with this study and to provide medical care.
Disclosure: Disclosure of the requested information is voluntary. No adverse action
whatsoever will be taken against you, and no privilege will be denied based on the fact
you do not disclose this information. However, your participation in this study may be
impacted by a refusal to provide this information.
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BRIEFING ADDENDUM FOR FEMALE SUBJECTS
1. Air Force need for information: Brain stimulation studies are important in
discovery of new methods of improving and/or accelerating learning and overall
cognitive performance. To ensure potential future enhancements can apply to both
male and female USAF populations, it is important to include female participants in
this study.
2. Additional potential risk: There are several unique potential problems which must
be considered if females are to be used as subjects in brain imaging experiments.
a) Pregnancy: The effect of transcranial direct current stimulation (tDCS) on
developing fetus is not known. For these reasons, women who might be pregnant
cannot participate in this experiment. You will be required to perform a urine
pregnancy test within 72 hours of your participation to ensure you are not
pregnant. Also, it is necessary to use effective contraceptive technique prior to
and for the duration of experimental exposures.
b) Contraceptives: One risk of oral contraceptives is accidental pregnancy. You
need to consider the possibility of pregnancy before each run. To date, no
increase in illness or adverse side effects have been noted with the use of oral
contraceptives by female subjects participating in tDCS studies. If you start
taking any medications or have any questions/concerns regarding accidental
pregnancy, discuss with the research monitor or an alternative before any
participation.
3. Overall risk: The risk that you may be subject to in this experiment is felt to be
similar to that of a video game or office computer, resulting in possible nausea, mild
eye strain, and headache. The tDCS may produce tingling in the skin under the
electrode. Every effort will be made to protect the health and well-being of the
individual, and where doubt exists, the judgment of the research monitor or an
alternate and the panel physician will remain conservative.
It is important that you understand and carefully consider the fact that effects of tDCS
on the developing fetus are unknown at this time. You must then make your own
decision and discus your planned contraceptive program with the medical investigator
or research monitor or an alternate for the experiment.
Acknowledgement: I acknowledge that I have been briefed on the above topics and I
understand the evidence for the risks associated with tDCS.
Volunteer Signature___________________________________Date______________
Volunteer Name (printed)_________________________________________
Advising Investigator Signature_________________________Date______________
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Investigator Name (printed)_________________________________________
Witness Signature_______________________________________Date_____________
Witness Name (printed)_____________________________________________
Privacy Act Statement
Authority: We are requesting disclosure of personal information. Researchers are
authorized to collect personal information on research subjects under The Privacy Act – 5
USC 552a, 10 USC 55, 10 USC 8013, 32 CFR 219, 45 CFR Part 46, and EO 9397,
November 1943.
Purpose: It is possible that latent risks or injuries inherent in this experiment will not be
discovered until some time in the future. The purpose of collecting this information is to
aid researchers in locating you at a future date if further disclosures are appropriate.
Routine Uses: Information may be furnished to Federal, State and Local agencies for any
uses published by the Air Force in the Federal Register, 52 FR 16431, to include,
furtherance of the research involved with this study and to provide medical care.
Disclosure: Disclosure of the requested information is voluntary. No adverse action
whatsoever will be taken against you, and no privilege will be denied you based on the
fact you do not disclose this information. However, your participation in this study may
be impacted by a refusal to provide this information.
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BRIEFING ADDENDUM FOR MEDIA INTERACTIONS
1. Media Coverage: At times, media/public reporters may request to view and/or
video/photo you while participating in the experiment for media publication purposes.
If you consent to the use of your image for media publications and to have media
reporters observe your participation, please sign below.

Volunteer Signature_________________________________Date______________
Volunteer Name (printed)_________________________________________
Advising Investigator Signature_______________________Date______________
Investigator Name (printed)_______________________________________
WitnessSignature____________________________________Date_____________
Witness Name (printed)_____________________________________________
Privacy Act Statement
Authority: We are requesting disclosure of personal information. Researchers are
authorized to collect personal information on research subjects under The Privacy
Act-5 USC 552a, 10 USC 55, 10 USC 8013, 32 CFR 219, 45 CFR Part 46, and EO
9397, November 1943.
Purpose: It is possible that latent risks or injuries inherent in this experiment will not
be discovered until some time in the future. The purpose of collecting this
information is to aid researchers in locating you at a future date if further disclosures
are appropriate.
Routine Uses: Information may be furnished to Federal, State and Local agencies for
any uses published by the Air Force in the Federal Register, 52 FR 16431, to include,
furtherance of the research involved with this study and to provide medical care.
Disclosure: Disclosure of the requested information is voluntary. No adverse action
whatsoever will be taken against you, and no privilege will be denied you based on
the fact you do not disclose this information. However, your participation in this
study may be impacted by a refusal to provide this information.
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Appendix B: Recruitment Flyer and Email
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Recruitment Email

The Air Force Research Laboratory is currently recruiting subjects for a research study
that is designed to evaluate the effects of transcranial direct current stimulation (tDCS) on
information processing while performing the multi-attribute task battery (MATB). You
will be required to complete a 36 minute session of the multi-attribute task battery
(MATB) while receiving a safe, non-invasive form of brain stimulation known as
“transcranial direct current stimulation”. The experiment will require 1-2 hour visit on 2
separate days.
Eligible participants are active duty military volunteers from Wright-Patterson Air Force
Base and volunteers from the surrounding community. Participants must also be between
the ages of 18-42, are fluent in English, non-smoker, have no history of emotional or
medical problems, no prior experience with MATB, and are not taking any prescription
medication (other than birth control). Additionally, you will be excluded from
participating if any of the following apply to you:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Neurological Diagnosis
Psychological Diagnosis
Psychological Hospitalization
Recent Hospitalization for Surgery/Illness (within past 6 months)
Psychotropic Medications
Shot (i.e. flu, allergies, pain) in the Left Arm (within past 6 months)
Non-Removable Metal or Tattoos around the Head
Vision or Hearing Impairments that cannot be corrected with Vision or Hearing
Aids
Problems with Motor Coordination
Use of Implantable Birth Control Device such as Implanon
Pregnant of could become Pregnant
Color Blindness
Tobacco Use
Drug or Alcohol Treatment (within past 6 months)
History of the following:
• Learning Difficulty
• Frequent Headaches
• Frequent Eye Strain
• Attention Deficit
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•
•
•
•
•
•
•
•

Severe Head Injury or Mild Concussion (within past 30 days)
Seizures
Fainting
Migraines
High Blood Pressure
Diabetes
Heart Disease
Recent Drug or Alcohol Treatment

The time requirement for you is anticipated to include a total of 2 visits each lasting
approximately 1 to 2 hours. If you decide to volunteer to participate, you may withdraw
from the study at any time. Compensation for your time is available.
If interested in participating in this study, please contact one of the investigators listed
below. Thank You!
This research was approved by Air Force Research Laboratory Institutional Review
Board under Protocol #FWR20150152H.
Principal Investigator:
Justin Nelson/CTR/Biomedical Engineer, Applied Neuroscience
Branch/711HPW/RHCP, 937-938-3608, justin.nelson.15.ctr@us.af.mil
Associate Investigator:
Dr. R. Andy McKinley/DR-III/Biomedical Engineer, Applied
Neuroscience Branch/711HPW/RHCP, 937-938-3598,
richard.mckinley.2@us.af.mil
Lindsey McIntire/CTR/Associate Psychologist, Applied Neuroscience
Branch/711HPW/RHCP, 937-938-3609, lindsey.mcintire.ctr@us.af.mil
Brian Tabares/2d Lt, Associate Psychologist, Applied Neuroscience
Branch/711HPW/RHCP, 937-938-3699, brian.tabares.1@us.af.mil
Nathaniel Bridges/CTR/Biomedical Engineer, Applied Neuroscience
Branch/711HPW/RHCP, 937-938-3610,
nathaniel.bridges.1.ctr@us.af.mil
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Ryan Schilling/CTR/Student Intern, Applied Neuroscience
Branch/711HPW/RHCP, 937-938-3642, ryan.schilling.2.ctr@us.af.mil
Mary Shia/CTR/Administration Support, Applied Neuroscience
Branch/711HPW/RHCP, 937-938-3692, mary.shia.ctr@us.af.mil
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Appendix C: Mood Questionnaire
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Appendix D: Individual Differences Questionnaire
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Appendix E: Medical Screening Questionnaire
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Appendix F: Sensation Questionnaire
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Appendix G: Exiting Questionnaire
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Appendix H: Participant Instructional Overview for the MultiAttribute Task Battery (MATB)
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Appendix I: SAS Script File to Calculate Resource Accuracy

Baud Input Rate 0.6

options ls=120 ps=67 pageno=1;
libname sasdata ‘ ‘;
title ‘resource.sas’;
data a1; infile ‘sub#_day#.txt’ pad lrecl=2000 dlm=’200D09’x dsd firstobs=2;
subj=1; day =1;
input time tank_a_value tank_b_value tank_a_diff tank_b_diff tank_a_dev tank_b_dev
eucl_dist tank_a_in_target tank_b_in_target both_in_target;
data a1; set a1;
if tank_a_value<3777 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_a_value>5110 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_b_value<3777 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
if tank_b_value>5110 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
data d1; set a1;
kkk+1; if kkk<=100;
proc print;
proc sort data=a1; by subj day;
proc means noprint data=a1; by subj day;
var tank_a_in_target tank_b_in_target credit_a credit_b;
output out=m1 n=n1-n4 sum=tank_a_in_target tank_b_in_target credit_a credit_b;
data m1; set m1;
percent_in_target = (tank_a_in_target+tank_b_in_target)/(n1+n2);
percent_in_target = (tank_b_in_target+tank_b_in_target+credit_a+credit_b)/(n1+n2);
proc print;
run; quit;
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Baud Input Rate 0.8

options ls=120 ps=67 pageno=1;
libname sasdata ‘ ‘;
title ‘resource.sas’;
data a1; infile ‘sub#_day#.txt’ pad lrecl=2000 dlm=’200D09’x dsd firstobs=2;
subj=1; day =1;
input time tank_a_value tank_b_value tank_a_diff tank_b_diff tank_a_dev tank_b_dev
eucl_dist tank_a_in_target tank_b_in_target both_in_target;
data a1; set a1;
if tank_a_value<2888 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_a_value>3833 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_b_value<2888 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
if tank_b_value>3833 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
data d1; set a1;
kkk+1; if kkk<=100;
proc print;
proc sort data=a1; by subj day;
proc means noprint data=a1; by subj day;
var tank_a_in_target tank_b_in_target credit_a credit_b;
output out=m1 n=n1-n4 sum=tank_a_in_target tank_b_in_target credit_a credit_b;
data m1; set m1;
percent_in_target = (tank_a_in_target+tank_b_in_target)/(n1+n2);
percent_in_target = (tank_b_in_target+tank_b_in_target+credit_a+credit_b)/(n1+n2);
proc print;
run; quit;
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Baud Input Rate 1.0

options ls=120 ps=67 pageno=1;
libname sasdata ‘ ‘;
title ‘resource.sas’;
data a1; infile ‘sub#_day#.txt’ pad lrecl=2000 dlm=’200D09’x dsd firstobs=2;
subj=1; day =1;
input time tank_a_value tank_b_value tank_a_diff tank_b_diff tank_a_dev tank_b_dev
eucl_dist tank_a_in_target tank_b_in_target both_in_target;
data a1; set a1;
if tank_a_value<2266 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_a_value>3066 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_b_value<2266 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
if tank_b_value>3066 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
data d1; set a1;
kkk+1; if kkk<=100;
proc print;
proc sort data=a1; by subj day;
proc means noprint data=a1; by subj day;
var tank_a_in_target tank_b_in_target credit_a credit_b;
output out=m1 n=n1-n4 sum=tank_a_in_target tank_b_in_target credit_a credit_b;
data m1; set m1;
percent_in_target = (tank_a_in_target+tank_b_in_target)/(n1+n2);
percent_in_target = (tank_b_in_target+tank_b_in_target+credit_a+credit_b)/(n1+n2);
proc print;
run; quit;
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Baud Input Rate 1.2

options ls=120 ps=67 pageno=1;
libname sasdata ‘ ‘;
title ‘resource.sas’;
data a1; infile ‘sub#_day#.txt’ pad lrecl=2000 dlm=’200D09’x dsd firstobs=2;
subj=1; day =1;
input time tank_a_value tank_b_value tank_a_diff tank_b_diff tank_a_dev tank_b_dev
eucl_dist tank_a_in_target tank_b_in_target both_in_target;
data a1; set a1;
if tank_a_value<1888 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_a_value>2555 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_b_value<1888 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
if tank_b_value>2555 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
data d1; set a1;
kkk+1; if kkk<=100;
proc print;
proc sort data=a1; by subj day;
proc means noprint data=a1; by subj day;
var tank_a_in_target tank_b_in_target credit_a credit_b;
output out=m1 n=n1-n4 sum=tank_a_in_target tank_b_in_target credit_a credit_b;
data m1; set m1;
percent_in_target = (tank_a_in_target+tank_b_in_target)/(n1+n2);
percent_in_target = (tank_b_in_target+tank_b_in_target+credit_a+credit_b)/(n1+n2);
proc print;
run; quit;
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Baud Input Rate 1.4

options ls=120 ps=67 pageno=1;
libname sasdata ‘ ‘;
title ‘resource.sas’;
data a1; infile ‘sub#_day#.txt’ pad lrecl=2000 dlm=’200D09’x dsd firstobs=2;
subj=1; day =1;
input time tank_a_value tank_b_value tank_a_diff tank_b_diff tank_a_dev tank_b_dev
eucl_dist tank_a_in_target tank_b_in_target both_in_target;
data a1; set a1;
if tank_a_value<1620 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_a_value>2190 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_b_value<1620 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
if tank_b_value>2190 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
data d1; set a1;
kkk+1; if kkk<=100;
proc print;
proc sort data=a1; by subj day;
proc means noprint data=a1; by subj day;
var tank_a_in_target tank_b_in_target credit_a credit_b;
output out=m1 n=n1-n4 sum=tank_a_in_target tank_b_in_target credit_a credit_b;
data m1; set m1;
percent_in_target = (tank_a_in_target+tank_b_in_target)/(n1+n2);
percent_in_target = (tank_b_in_target+tank_b_in_target+credit_a+credit_b)/(n1+n2);
proc print;
run; quit;
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Baud Input Rate 1.6

options ls=120 ps=67 pageno=1;
libname sasdata ‘ ‘;
title ‘resource.sas’;
data a1; infile ‘sub#_day#.txt’ pad lrecl=2000 dlm=’200D09’x dsd firstobs=2;
subj=1; day =1;
input time tank_a_value tank_b_value tank_a_diff tank_b_diff tank_a_dev tank_b_dev
eucl_dist tank_a_in_target tank_b_in_target both_in_target;
data a1; set a1;
if tank_a_value<1417 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_a_value>1917 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_b_value<1417 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
if tank_b_value>1917 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
data d1; set a1;
kkk+1; if kkk<=100;
proc print;
proc sort data=a1; by subj day;
proc means noprint data=a1; by subj day;
var tank_a_in_target tank_b_in_target credit_a credit_b;
output out=m1 n=n1-n4 sum=tank_a_in_target tank_b_in_target credit_a credit_b;
data m1; set m1;
percent_in_target = (tank_a_in_target+tank_b_in_target)/(n1+n2);
percent_in_target = (tank_b_in_target+tank_b_in_target+credit_a+credit_b)/(n1+n2);
proc print;
run; quit;
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Baud Input Rate 1.8

options ls=120 ps=67 pageno=1;
libname sasdata ‘ ‘;
title ‘resource.sas’;
data a1; infile ‘sub#_day#.txt’ pad lrecl=2000 dlm=’200D09’x dsd firstobs=2;
subj=1; day =1;
input time tank_a_value tank_b_value tank_a_diff tank_b_diff tank_a_dev tank_b_dev
eucl_dist tank_a_in_target tank_b_in_target both_in_target;
data a1; set a1;
if tank_a_value<1260 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_a_value>1705 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_b_value<1260 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
if tank_b_value>1705 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
data d1; set a1;
kkk+1; if kkk<=100;
proc print;
proc sort data=a1; by subj day;
proc means noprint data=a1; by subj day;
var tank_a_in_target tank_b_in_target credit_a credit_b;
output out=m1 n=n1-n4 sum=tank_a_in_target tank_b_in_target credit_a credit_b;
data m1; set m1;
percent_in_target = (tank_a_in_target+tank_b_in_target)/(n1+n2);
percent_in_target = (tank_b_in_target+tank_b_in_target+credit_a+credit_b)/(n1+n2);
proc print;
run; quit;
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Baud Input Rate 2.0

options ls=120 ps=67 pageno=1;
libname sasdata ‘ ‘;
title ‘resource.sas’;
data a1; infile ‘sub#_day#.txt’ pad lrecl=2000 dlm=’200D09’x dsd firstobs=2;
subj=1; day =1;
input time tank_a_value tank_b_value tank_a_diff tank_b_diff tank_a_dev tank_b_dev
eucl_dist tank_a_in_target tank_b_in_target both_in_target;
data a1; set a1;
if tank_a_value<1133 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_a_value>1533 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_b_value<1133 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
if tank_b_value>1533 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
data d1; set a1;
kkk+1; if kkk<=100;
proc print;
proc sort data=a1; by subj day;
proc means noprint data=a1; by subj day;
var tank_a_in_target tank_b_in_target credit_a credit_b;
output out=m1 n=n1-n4 sum=tank_a_in_target tank_b_in_target credit_a credit_b;
data m1; set m1;
percent_in_target = (tank_a_in_target+tank_b_in_target)/(n1+n2);
percent_in_target = (tank_b_in_target+tank_b_in_target+credit_a+credit_b)/(n1+n2);
proc print;
run; quit;
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Baud Input Rate 2.2

options ls=120 ps=67 pageno=1;
libname sasdata ‘ ‘;
title ‘resource.sas’;
data a1; infile ‘sub#_day#.txt’ pad lrecl=2000 dlm=’200D09’x dsd firstobs=2;
subj=1; day =1;
input time tank_a_value tank_b_value tank_a_diff tank_b_diff tank_a_dev tank_b_dev
eucl_dist tank_a_in_target tank_b_in_target both_in_target;
data a1; set a1;
if tank_a_value<1030 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_a_value>1394 and tank_a_value_lag1(tank_a_value) then credit_a=0.5;
if tank_b_value<1030 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
if tank_b_value>1394 and tank_b_value_lag1(tank_b_value) then credit_b=0.5;
data d1; set a1;
kkk+1; if kkk<=100;
proc print;
proc sort data=a1; by subj day;
proc means noprint data=a1; by subj day;
var tank_a_in_target tank_b_in_target credit_a credit_b;
output out=m1 n=n1-n4 sum=tank_a_in_target tank_b_in_target credit_a credit_b;
data m1; set m1;
percent_in_target = (tank_a_in_target+tank_b_in_target)/(n1+n2);
percent_in_target = (tank_b_in_target+tank_b_in_target+credit_a+credit_b)/(n1+n2);
proc print;
run; quit;
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